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Abstract of JP7247374 

PURPOSE:To provide a biodegradable resin film which has high barrier properties while retaining biodegradability 
by forming at least one layer of a resin composition comprising a biodegradable resin having a high hydrogen- 
bond content and a specific inorganic compound having a layered structure. CONSTITUTION :This film has at least 
one layer of a resin composition (a) comprising a biodegradable resin (b) having a high hydrogen-bond content an 
inorganic compound (c) having a layered structure. In the resin (b), the content of groups linked through a 
hydrogen bond is 20-60wt.%. Examples of the resin (b) include poly(vinyl alcohol), polysaccharides, and 
derivatives thereof. The compound (c) has a particle diameter of 5Xm or smaller and an aspect ratio of 50-5,000. 
Examples thereof include clayey niinerals and phosphoric acid salt derivatives. Although the (b) to (c) ratio is not 
particularly limited, it is preferably 5/95-90/10 by volume. The composition (a) may be produced by dispersing an 
inorganic compound having a layered structure Into a dispersion medium to swell and cleave the compound, 
adding the dispersion to the resin (b), and removing the medium. The film has an oxygen permeability (30 deg.C. 
60%RH) of 0.2cc/m<2>.day.atm or lower. 
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[57] ABSTRACT 

A laminate, laminate film or shaped article, which includes: 
a layer of a substance having a gas barrier property; and at 
least one layer or portion (1) disposed thereon comprising a 
resin composition comprising a resin and an inorganic 
laminar compound having an aspect ratio of not less than 50 
and not more than 5000. As the gas barrier substance, a 
metal or oxide, ethylene-vinyl alcohol copolymer, or poly- 
vinylidene chiOTide may preferably be used. 

Such a laminate, laminate film or shaped article may exhibit 
a good gas barrier property whidi is much higher than that 
of a conventional plastic material. 
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LAMINATE, LAMINATE FILM AND SHAPED 
ARTICLE COMPRISING INORGANIC 
LAMINAR COMPOUND 

This applicatioD claims benefit of International appllca- 
tion PCr/JP/00073. filed Jan. 24. 1995. 

TECHNICAL FIELD 

The present invention relates to a laminate or laminate 
film whirfi comprises at least one layer (or at least a portion) 
comprising a resin composition having an excellent gas 
barrier property, and a shaped (or molded) article comprising 
a portion of such a resin composition. 

BACKGROUND ART 

A film having a gas barrier property (gas barrier film) as 
a kind of functional film has widely been put to practical use 
in the fields of food, medicine, agricultural chemicals, 
cosmetics, etc.. wherein contents are stored or protected 
wiiile the "quality" of the contents is liable to cause a 
problenL One of such important usage includes a field of 
^•packaging'*. 

Packaging. i.c.. making or putting an object into a pack- 
age or wrap, or the material therefor is desired to have a wide 
variety of functions. For example, such fiuictions of pack- 
aging may include: mechanical protective property, safety, 
sanitary property, workability, adaptability to goods 
(transparency, printability. heat sealing property), utility, 
profitability, etc. Among these fii notions, various "gas bar- 
rier property", as one of the factors in the above-mentioned 
storability or protective property, is an important property 
for affecting the storability of the above contents such as 
food. Along with recent diversification in the form of goods 
distribution or in packaging technique, intensification of 
additive control, change in taste, etc., the importance of the 
gas barrier property has been increased more and more. On 
the other hand, the gas barrier prc^erty has heretofore been 
a serious weak point of ordinary plastic materials. 

Factors which can deteriorate a food include oxygen, 
light, heat and/or moisture. Among these factors, oxygen has 
been considered to be a substance causing such deteriora- 
tion. A material having a gas barrier property (gas barrier 
material) is a material which has a main function of effec- 
tively intercepting oxygen. Such a gas barrier material 
exhibits the function of intercepting oxygen, and simulta- 
neously exhibits a function which is essential for various 
measures for controlling the deterioration of food (such as 
gas charging and vacuum packaging). The gas barrier mate- 
rial has been utilized very effectively in many fields such as 
food packaging inclusive of confectionery bags, bags for 
dried bonito. pouches for retorted foods, containers for 
carbonated drinks, etc., or packaging for cosmetics, agricul- 
tural chemicals, and medical use. on the basis of its barrier 
function to various species of gases such as oxygen, organic 
solvent vapors, aromas; or its function of preventing 
corrosion, odor, sublimation, etc,, based on the barrier 
function thereof. 

Among films comprising a thermoplastic resin, those 
films comprising oriented polypropylene, polyester, 
poly amide, etc., particularly have excellent mechanical 
property, heat resistance, transparency, etc., and therefore 
these films are widely used as a packaging material. 
However, in a case where a film comprising such a material 
is used for food packaging, since the barrier property thereof 
to a gas such as oxygen is insufEiclent, the food as the 
contents in the package is liable to be deteriorated due to 
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degradation based on oxidation, or the function of aerobic 
bacteria, etc. Furthermore, in such a case, an aroma com- 
ponent of the food permeates the package to be diffused to 
the outside of the package. As a result, there tends to occur 

5 various problems such that the flavor of the food is lost, or 
the content is wetted with outside moisture due to the 
penetration of such moisture and the taste thereof becomes 
worse. Accordingly, when a film of the above-mentioned 
material such as polypropylene is used for food packaging, 
it is usual to adopt a method wherein another film (or layer) 
having an excellent gas barrier property is laminated onto 
the film of the above-mentioned material. 

As a method of imparting a gas barrier property or 
increasing the gas barrier property of a resin, there has been 
known a method wherein an inorganic material in a flat 
shape is dispersed in a resin. For example. Japanese Laid- 
Open Patent Application (KOKAI) No. 148532/1987 (i.e.. 
Sho 62-148532) describes a process for producing a film 
having a gas barrier property wherein a coating liquid 
con^sition conriprising 100 wt. parts of a polyurethane 

20 resin solution (concentration: 30%) using 1.6- 
hexanepolycarbonatedioi. 25 wt, parts of mica fine powder, 
and 60 wt. parts of dimethylformamide is applied onto a 
base material having a releasability. and then is dried and 
peeled from the base materixil. 

25 In addition. Japanese Laid-Open Patent Application No. 
043554/1989 (i.e., Sho 64-043554) describes a process for 
producing a film wherein mica having an average length of 
7 pm and an aspect ratio of 140 is added into an aqueous 
methanol solution of an ethylene-vinyl alcohol copolymer, 

30 and the resultant mixture is poured into cold water, and then 
subjected to filtration and drying to jH-ovide pellets, which 
are then formed into a film 

Furthermore. Japanese Laid-Open Patent Application No. 
93542/1991 (i.e., Hei 3-93542) describes a process for 

35 producing a coated plastic film wherein a coating composi- 
tion comprising a silyl group- containing modified polyvinyl 
alcohol and synthetic hectorite in a wt ratio of 50:50, is 
applied onto a biaxially oriented polyethylene terephthaiate 
(OPET), and then subjected to drying and heat treatment 

40 (130 to 150" C). 

However, such films provided by the above-mentioned 
conventional technique still do not have a sufficient gas 
barrier property, and is not a satisfactory film having a gas 
barrier fffoperty suitable for practical use. 

45 As one of the important measures for imparting a gas 
barrier property, there has heretofore been known a method 
wherein a thin film is formed on at least one side of the 
surfaces of another film comprising a thermoplastic resin by 
use of a metal such as aluminum, or an oxide such as silica 

50 and alumina through vacuum vapor dqposition, etc.. so as to 
impart a barrier property to the resin film However, during 
the formation of such a thin film, pin holes are liable to be 
formed and performances thereof tend to be considerably 
decreased on the basis of deformation of the film due to 

55 insufficient flexibility or mechanical strength of the thin film. 
As a result, such a process hardly imparts a satisfactory gas 
bazrier property to the film. 

An object of the present invention, is to provide a 
laminate, a laminate film or a shaped article which has 

60 solved the above-mentioned problems. 

A more specific object of the present invention is to 
provide a laminate, a laminate film or a shaped article having 
a gas barrier property at a good level. 

^5 DISCLOSURE OF INVENTION 

As a result of earnest study, the jH-esent inventors have 
found that a laminate, a laminate film or a shaped article 
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having an excellent gas barrier property has been provided 
by constitutiiig a laminate, a laminate min or a shaped article 
while a layer comprising a substance having a gas barrier 
property is further combined with a layer (or portion) of a 
resin composition comprising a resin and an inorganic 
laminar compound dispersed therein and having a specific 
aspect ratio. 

The laminate according to the present invention is based 
on the above discovery and comprises: a layer comprising a 
substance having a gas barrier property; and 

at least one layer which is disposed on the gas barrier 
substance layer and comprises a resin composition compris- 
ing a resin and an inorganic laminar compound having an 
aspect ratio of not less than 50 and not more than 5000. 

The present invention also provides a laminate having a 
shape in the form of a laminate film. 

The present invention further provides a laminate film 
comprising: a base material; and 

at least one laminate disposed thereon, which comprises 
a layer comprising a substance having a gas barrier property; 
and a layer disposed on the gas barrier substance layer and 
comprising a resin composition comprising a resin and an 
inorganic laminar coir^x3und having an aspect ratio of not 
less than 50 and not more than 5000. 

The present invention further provides a shaped article, 
which comprises, at least a portion thereof, a laminate 
portion comprising: a layer comprising a substance having a 
gas barrier property; and a layer disposed on the gas barrier 
substance layer and comprising a resin composition com- 
prising a resin and an inorganic laminar compound having 
an aspect ratio of not less than 50 and not more than 5000. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a graph schematically showing a relationship 
between an X-ray difGraction peak of an inorganic laminar 
compound and a '*unit thickness a** of the compound, 

FIG. 2 is a graph schematically showing a relationship 
between an X-xay diffraction peak of a resin composition 
containing an inorganic laminar compound and a ^lattice 
spacing (or distance between lattice planes) d** of the com- 
pound. 

FIG. 3 is a graph schematically showing a relationship 
between an X-ray diffraction peak of a resin composition 
and a **lattice spacing d*' of the composition, in a case where 
the peak corresponding to the lattice spacing d is supeiposed 
on halo (or background) and is difficult to be detected. In this 
Figure, the area obtained by subtracting a "base line'* portion 
from the peak area in the lower angle side below is 
treated as the peak corresponding to the "lattice spacing d, 

FIG. 4 is a schematic sectional view showing an embodi- 
ment of the laminate film structure according to the present 
invention, which comprises a resin film 3, a layer 2 disposed 
on the resin film 3 and comprising a substance having a gas 
barrier property, and a layer 1 containing an inorganic 
laminar compound disposed on the layer 2 of the gas barrier 
substance. 

FIG. 5 is a schematic sectional view showing another 
embodiment of the laminate film structure according to the 
present invention, which further comprises a "base material 
4 for laminating" disposed on the inorganic laminar 
compound-containing layer 1 as shown in the above FIG- 4 
embodiment, 

FIG. 6 is a schematic sectional view showing a further 
embodiment of the laminate film structure according to the 
present invention, which further comprises a "base material 



36,751 

4 

4 for laminating" disposed on the resin film 3 side as shown 
in the above FIG. 4 embodiment. 

FIG- 7 is a schematic sectional view showing a further 
embodiment of the laminate film structure according to the 
5 present invention, which further comprises base materials 4 
and 4<3 for laminating, respectively disposed on the inor- 
ganic laminar con^jound-containing layer 1 side and on the 
resin film 3 side as shown in the above FIG. 4 embodiment. 

FIG. 8 is a schematic sectional view showing an embodi- 
^° ment of the laminate film structure according to the present 
invention, which comprises a layer 2a comprising a gas 
barrier substance having a lilm forming property, and a 
(resin composition) layer 1 containing an inorganic laminar 
compound disposed on the layer 2a of the gas barrier 
substance. 

FIG. 9 is a schematic sectional view showing another 
embodiment of the laminate film structure according to the 
present invention, which further comprises a '*base material 
13 for laminating" disposed on the inorganic laminar 
conjpound-containing layer 1 as shown in the above FIG. 8 
embodiment. 

FIG. 10 is a schematic sectional view showing a fiirther 
embodiment of the laminate film structure according to the 
25 present invention, which further comprises a "base material 
13 for laminating" disposed on the side of the layer 2a of the 
gas barrier substance as shown in the above FIG. 8 embodi- 
ment. 

FIG. 11 is a schematic sectional view showing a further 
30 embodiment of the laminate film stmcture according to the 
present invention, which further comprises base materials 13 
and 13a for laminating, respectively disposed on the inor- 
ganic laminar compound-containing layer 1 side and on the 
side of the layer 2a of the gas barrier substance as shown in 
33 the above FIG. 8 embodiment. 

FIG. 12 is a graph showing X-ray di£fraction peaks of 
composition comprising a polyvinyl alcohol PVA-1I7H and 
"Kunipia P' used in Bx.ainples. 

FIG. 13 is a graph showing X-ray diffraction peaks of 
^ "Kunipia F' (montmorillonite) used in Examples. 

FIG. 14 is a graph showing X-ray diffraction peaks of a 
composition having a lattice spacing d:=:19.62 angstrom 
(pattern of the above FIG. 2). 
45 FIG. 15 is a graph showing X-ray diffiraction peaks of a 
composition having a lattice spacing d=32.94 angstrom 
(pattern having the above patterns of FIGS, 2 and 3). 

FIG. 16 is a graph showing X-ray diffraction peaks of a 
composition having a lattice spacing d^44.i3 angstrom 
50 (pattern of the above FIG. 3). 

FIG. 17 is a graph showing X-ray dtfifraction peaks of a 
composition having a lattice spacing d^44.13 angstrom 
(pattern of the above FIG. 3). 

FIG. 18 is a schematic view for illusnrating a folding 
method used in a **folding test" as described hereinafter. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

60 Hercinbclow, the present invention will be described in 
detail with reference to the accompanying drawings, as 

desired. 

The "inorganic laminar compound** to be used in the 
present invention refers to an inorganic compound wherein 
65 unit crystal layers are mutually stacked to form a layer 
structure. In other words, "layered compound" refers to a 
compound or substance having a layer structure. The "layer 
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structure" is a structure wherein planes, each of which 
comprises atoms strongly bonded to each other on the basis 
of covalent bonds. ctc.» so as to form close packing, are 
stacked substantially parallel on the basis of weak bonding 
power such as Van dcr Waals force. 5 

The "inorganic laminar compound*^ usable in the present 
invention is not particularly limited, as long as the "aspect 
ratio" thereof measured by a method described hereinafter is 
not less than 50 and not more than 5000. In view of the gas 
barrier property, the aspect ratio may preferably be not less 
than 100 (pailicidarly. not less than 200). • 

When the above aspect ratio is less than 50. the exhibition 
of the gas barrier property becomes insufficient. On the other 
hand, is technically diJQ5cult to obtain an inorganic laminar 
compound having an aspect ratio exceeding 5000. and 
further such a compound is costly or expensive from an 
economic viewpoint. In view of easiness in production of an 
inorganic laminar compound, the aspect ratio may prefer- 
ably be not more than 2000 (more preferably, not more than 
1500). In view of the balance between the gas barrier 
property and easiness in production, the aspect ratio may 
preferably be in the range of 200-3000. 

In view of the film forming property or formability in the 
form of a film or shaped article, the "particle size** measured 
by a method therefor described hereinafter may preferably 
be not more than 5 pm. When the particle size exceeds 5 Mm. 
the film farming property or formabUity of a resin compo- 
sition tends to be decreased. In view of the transparency of 
a resin composition, the particle size niay more preferably be 
not more than 3 pm. In a case where the resin composition 
according to the present invention is used for a purpose (e.g., 
purpose of food packaging) wherein the transparency is 
in^rtant^ the particle size may particularly preferably be 
not more than 1 lam. 

Specific exaim?les of the inorganic laminar compound 
may include: graphite, phosphoric acid salt-type derivative 
compounds (such as zirconium phosphate- type compound), 
chalcogen-type compounds, clay-type minerals, etc. The 
"chalcogen-type compound" used herein refers to a 
di-chalcogen type compound which comprises an element of 
Group IV (Ti. Zr, Hf). Group V (V. Nb. Ta). and/or Group 
VI (Mo. W). and represented by a formula of MX2. wherein 
M denotes an element as described above, and X denotes a 
chalcogen (S, Se, Te). 

In view of easiness in the provision of a large aspect ratio, 
it is preferred to use an inorganic laminar compound having 
a property such that it is swollen or cleft in a solvent. 

The degree of the "swelling or cleavage** of the inorganic 
laminar compound to be used in the present invention in a 
solvent may be evaluated by the following "swelling or 
cleavage" test. The inorganic laminar compound may pref- 
erably have a swelling property of not less than about 5 
(more preferably, not less than about 20) according to the 
following swelling test. On the other hand, the inorganic 
laminar compound may preferably have a cleavage property 
of not less than about 5 (more preferably, not less than about 
20) according to the following cleavage test. In these cases, 
a solvent having a density smaller thaii the density of the 
inorganic laminar compound is used. When the inorganic 
laminar compound is a natural clay mineral having a swell- 
ing property, it is preferred to use water as the abo^ve solvent. 
<Swelling property test> 

2 g of an inorganic laminar compound is slowly added to 
100 mL of a solvent, while 100 mL-graduated cylinder is 
used as a container. The resultant mixture is left standing, 
and thereafter the volume of the former (the dispersion layer 
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of the inorganic laminar com|x>und) is read from the gradu- 
ation corresponding to the interface between the dispersion 
layer of the inorganic laminar compound and the supernatant 
after 24 hours at 23** C. When the resultant value is larger, 
the swelling property is higher. 
<Cleavage property test> 

30 g of an inorganic laminar compound is slowly added 
to 15(X) mL of a solvent, and is dispersed by means of a 
dispersion machine (mfd by Asada Tekko K.K.. Despa 
MH-L, vane diameter=52 nam, rotating speed=3100 rpm, 
container capacity=3 L, distance between the bottom face 
and the vane=28 mm) for 90 minutes at a peripheral speed 
of 8.5 m/sec (23^ C). Thereafter, 100 mL of the resultant 
dispersion liquid is taken out and placed into a graduated 
cylinder, and then is left standing for 60 minutes. Then, the 
volume of the dispersion layer of the inorganic laminar 
compound is read from the graduation corresponding to the 
interface between the dispersion layer of the inorganic 
laminar compound and the supernatant. 

As the inorganic laminar compound capable of being 
swollen or cleft in a solvent, it is particularly preferred to use 
a clay mineral having a swelling ot cleaving property. The 
clay minerals may be classiHed into two types, i.e.. one type 
having a two-layer structure, which conqjrises a silica tet- 
rahedral layer, and an octahedral layer disposed thereon and 
comprising a central metal such as aluminum and magne- 
sium; and another type having a three-layer structure, which 
comprises an octahedral layer comprising a central metal 
such as aluminum and magnesium, and a silica tetrahedral 
layer disposed on the both sides of the octahedral layer so as 
to sandwich the octahedral layer. 

Specific examples of the former two-layer type may 
include: kaolinite series, antigorite series, etc. Specific 
examples of the latter tiiree-layer type may include: smectite 
35 series, vermiculite series, mica series, etc., depending on an 
interlayer cation contained therein. 

More specific exaniples of the clay mineral may include: 
kaolinite, dickite, nacrite. halloysite, antigorite. chrysodle. 
pyrophylUte, montmorillonitc. hcctoiite. tetrasilylic mica, 
40 sodium taeniolite,, muscovitc, margarite., talc, vermiculite. 
plilogc^ite, xanthophyUite. chlorite, etc, 
<Particle size> 

In view of diflSculty, etc.. in measuring the (tme) particle 
size in a resin composition, in the present invention, a value 
45 (L) which may be determined in a solvent by a dynamic light 
scattering method (photon correlation spectroscopy) as 
described hereinafter is used as the **particle size" of the 
inorganic laminar compound. The **dynamic light scattering 
method'* used herein is a particle size-measuring method 
50 utilizing scattering phenomenon of laser light, wherein 
scattering light from particles conducting Brownian 
movement, i.e., scattering Light with fluctuation depending 
on the moving velocity or particle size (grain size) of those 
particles, is detected, and an information on the particle size 
55 is obtained by calculation. 

According to the present inventors' knowledge, the par- * 
tide size of the inorganic laminar compound contained in a 
resin may be approximated by the above-mentioned *^ar- 
ticle size in a solvent" obtained by the dynamic light 
60 scattering method. For example, in a case where an inOT- 
ganic laminar compound which has sufficiently been swol- 
len with a solvent (which is the same kind of the solvent used 
in the dynamic light scattering method) is combined with a 
resin, the particle size of the inorganic laminar compound 
65 contained in the resin may sufficiently be approximated by 
the *'particle size in a solvent'* obtained by the dynamic light 
scattering method. 
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(Aspect ratio) Cheraistry)*\ pages 103-110 (1981). published by 

In the present iDvention, the aspect ratio (Z) of the KAGAKU DOJIN K.K.)- In the case of polyvinyl alcohol, 

inorganic laminar compound is a ratio whidi may be deter- this width is 4-5 A (angstrom), and in the case of water 

mined on the basis of a relationship of Zs=L/a. In this molecules, this width is 2-3 A. 

relationship. L is the particle size of an inorgaaic laminar 5 It is considered that the above-mentioned aspect ratio 
compound determined by the dynamic Ught scattering Z=Lya is not always equal to "true aspect ratio" of the 
method in a solvent, and a is the *'unit thickness** of the inorganic laminar compound in the resin composition, 
inorganic laminar compound. The **uiut thickness a'* is a However, it is reasonable to approximate the '*true aspect 
value which is determined on the basis of the measurement ratio" by the aspect ratio Z, for the following reason, 
of the inorganic laminar compound alone, by powder X-ray lo Thus, it is extremely difficult to directly measure the **true 
diflraction method, etc.. as described hereinafter More aspect ratio" of the inorganic laminar compound contained 
specifically, as schematicaliy shown in the graph of FIG. 1 in a resin composition. On the other hand, in a case where 
wherein the abscissa denotes 2-6. and the ordinate denotes there is a relationship of a<d between the lattice spacing d 
the intensity of X-ray diffraction peaks, the 'tinit thickness determined by the powder X-ray diffiraction method for the 
a'' is a spacing obtained from the Bragg 's equation (n-X;^^ is resin composition, and the "unit thickness a*" determined by 
2-D-$in 6. n =1. 2. 3 . . . ). wherein 6 denotes the angle powder X-ray diffraction method for the inorganic laminar 
corresponding to the peak having the lowermost angle compound alone; and the value of (d~a) is not smaller than 
among those of the observed diJEhraction peaks. With respect the width of one resin chain in the resin composition, it is 
to the details of the powder X-ray diffraction method, a book assumed that the resin is inserted between layers of the 
entitled "Kiki-Bunseki no Tebild (Handbook on Instrumen- 20 in<^ganic laminar compound. Accordingly, it is sufficiently 
tal Analysis) (a)", page 69, (1985). editorially supervised by reasonable to approximate the thickness of the inorganic 
Jiro SHIOKAWA. published by KAGAKU DOJIN ICK. laminar compound in the resin coniposition by the above- 
naay be referred to. mentioned "unit thickness a*** i.e., lo approximate the *tme 
In correspondence to ttic above relationship of 2=I7a aspect ratio** in the resin composition by the above- 
based on the measurement of the incH-ganic laminar com- 25 mentioned "aspect ratio of the inorganic laminar com- 
pound alone, when the resin composition according to the pound alone. 

present invention is subjected to the powder X-ray difirac- As described above, it is extremely difficult to measure 
tion method, the lattice spacing d of the inorganic laminar the true particle size in the resin composition. However, it 
compound contained in the resin composition may usually may be considered that the particle size of the Inorganic 
be obtained. 30 laminar confound in the resin is quite near to the particle 
More specifically, as schentiatically shown in the graph of size in a solvent, when the inorganic laminar compound. 
FIG. 2 wherein the abscissa denotes 2-0. and the ordinate which has fully been swollen with a solvent of the same kind 
denotes the intensity of X-ray diffraction peaks, the "lattice as that of the solvent used in the dynamic Hght scattering 
spacing d" (a<d) is a spacing corresponding to the peak method, is combined with a resin to ps'ovide a resin corn- 
having the lowermost angle among the observed difiraction 3S position. 

peaks appearing on the lower angle (larger spacing) side as However, it is hardly considered that the paiticle size L 

compared with the position of the diffraction peak coire- determined by the dynamic light scattering method exceeds 

ponding to the above-mentioned "unit thickness a'*. In a the major axis length of the inorganic laminar 

case where the above peak corresponding to the "lattice compound, and therefore the possibility that tme aspect ratio 

spacing d" is superposed on a halo (or background) as 4o (L^^a) is smaller than the "aspect ratio Z" used in the 

schematically shown in the graph of FIG- 2 so that it is present invention (i.e., the possibility of L„»^a<Z), is theo- 

difficult to detect such a peak, the area of a portion obtained reticaUy very small. 

by subtracting the base line portion irom a portion corre- In view of the above-mentioned two points, it is consid- 

sponding to an angle lower than 2-6^. is treated as a peak ered that the definition of the aspect ratio Z used in the 

corresponding to the "lattice spacing d". The 9^ used herein 45 present invention is sufficiently reasonable. Thus, in the 

is an angle of diSraction corresponding to "(unit length present specification, the "aspect ratio" or **particle size" 

a)-K width of one resin chain)". With respect to the details of means the "aspect ratio 27' as defined above, or ^'particle size 

a method of determining the "lattice spacing d", a book L" determined by the dynamic light scattering method, 

entitled "Nendo no Jiten (Encyclopedia of Clay)**, page 35 <Solvent> 

et seq. and page 271 et seq., (1985). edited by Shuici IWAO so In the present invention, the solvent for swelling tlie 

et al.. published by ASAKURA SHOTEN K,K. xaay be incM-ganic laminar compound is not particularly Umitcd, as 

referred to. long as it is usable in the production of the resin composi- 

The integrated intensity of the diffraction peak tion- For example, when a natural clay mineral having a 

(corresponding to the "lattice spacing d") observed in the swelling property is used as an inorganic laxninar compound, 

powder X-ray diffraction of a resin composition may pref- 55 specific examples of the solvent may include: water, alco- 

erabiy have a relative ratio of not less than 2 (more hols such as methanol; polar solvent such as 

preferably, not less than 10). with respect to the integrated dimethylformamidc. dimethyl sulfoxide, and acetone; or 

intensity of the diffraction peak as a standard (corresponding mixtures comprising two or more species selected from 

to the "lattice spacing a"). these solvents. It is preferred to use water or an alcohol such 

In general, the difference between the above lattice spac- 60 as methanol having a relatively low boiling point, in view of 

ing d and the "unit thickness a", namely, the value of easiness in the removal thereof after the film formation or 

k^(d-a) (when converted into "length") may be equal to, or shaping of the resin composition, 

larger than the width of one resin chain constituting the resin (Resin) 

composition (k=(d~a)^ (width of one resin chain) ). The The **resin" constituting the resin con^sition together 

*^vidth of one resin chain'* may be deternained by simulation 65 with the inorganic laminar compound in the present inven- 

calculation. etc, (as described in. e.g.. a book entitled tion is not particularly limited, as long as it enables the stable 

"KOBUNSHI KAGAKU JORON (Introduction to Polymer dispersion or retention of the inorganic laminar compound. 
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In view of the gas barrier property of the resin composition, 
it is preferred to use, e.g., poly vinyl alcohol (PVA). 
ethylene- vinyl alcc^ol copolymer (EVOH). polyvinylidene 
chloride (PVDC), poly aery lonitrile (PAN), polysaccharide, 
polyacrylic acid and esters thereof, etc. 5 
(Highly hydrogen-bonding resin) 

The **resin** constituting the resin composition may pref- 
erably be a highly hydrogen-bonding resin, in view of the 
gas barrier property of the composition. The "highly 
hydrogen -bonding resin'* may preferably a resin having a lo 
weight percent (percent by weight) of a hydrogen-bonding 
group and/or ionic group (in a case where the resin contains 
two OT more of these groups, total of these groups) per unit 
weight of the resin, which is 10% or more, more preferably 
about 20%-60% (particularly, about 30%-50%). 15 

The "hydrogen-bonding group" used herein refers to a 
group having at least one hydrogen atom directly bonded to 
a heiero atom (i.e.. atom other than carbon). Specific 
examples of the hydrogen-bonding group may include: 
hydroxyl group, amino group, thiol group, carboxyl group. 20 
sulfone group, phosphoric acid group, etc. 

On the other hand, the "ionic group*' refers to a group 
having at least one of positive or negative charge, which is 
localized so as to enable the hydration of a water molecule. 
Specific examples of the ionic group may include: carboxy- 25 
late group, sulfonic acid ion group, phosphoric acid ion 
group, ammonium group, phosphonium group, etc. 

Preferred examples of the hydrogen-bonding group or 
ionic group contained in the highly hydrogen-bonding resin 
may include: hydroxy! group, amino group, carboxyl group^ 30 
sulfonic acid group, carboxylate group, sulfonic acid ion 
^oup. ammonium group, etc. 

The content of the hydrogen-bonding group or ionic 
group may preferably be measured, e.e„ by utilizing a 
technique of nuclear magnetic resonance (NMR). such as 35 
'H-NMR and ^^C-NMR. 

The highly hydrogen-bonding resin usable in the present 
invention is not particularly limited, as long as it has a highly 
hydrogen-bonding property as described above. Specific 
examples thereof may include: polyvinyl alcohol, ethylene- 40 
vinyl alcohol copolymer having a vinyl alcohol fraction of 
not less than 41 mol %; polysaccharide such as hydroxym- 
ethyi cellulose, hydroxyetiyl cellulose, carboxy methyl 
cellulose, amylose. amylopectin. pluran, cardran, xanthan, 
chitin, chitosan and cellulose; polyacrylic add, sodium 45 
polyacrylate, polybenzenesulfonic acid, sodium 
poiybenzene sulfonate, polyethyleneimine, polyaUylamine, 
ammonium salt thereof, polyvinyl thiol, polyglycerin. etc. 

Particularly preferred examples of the highly hydrogen- 
bonding resin in the present invention may iDciude: poly- 50 
vinyl alcohol and/or polysaccharide (or derivatives thereof), 
in the case an ideal polyvinyl alcohol, i.e., — (CHjCHOH) 
„ — , the weight percent of the OH group as the above- 
mentioned hydrogen-bonding group is (17/44)xlOO= about 

39%. 55 

In the present invention, the "polyvinyl alcohol" refers to 
a polymer predominantly comprising a monomer unit of 
vinyl alcohol. Specific examples of such a "polyvinyl alco- 
hol" may include: a polymer (exactly, a copoljmaer of vinyl 
alcohol and vinyl acetate) obtained by subjecting the acetic 60 
acid portion of a vinyl acetate polymer to hydrolysis or ester 
interchange (saponification), and polymers obtained by 
saponifying a polymer such as vinyl trifiuoroacetate 
polymer, vinyl formate polymer, vinyl pivalate polymer, 
t-butyl vinyl ether polymer, and trimethylsilyl vinyl ether 65 
polymer. With respect to the details of the ''polyvinyl 
alcohol", a book entiUed **PVA no Sekai (Wbrid of PVA)" 



edited by POVAL-KAI (POVAL Society). (1992), published 
by KOBUNSI KANKOKAI (Polymer Publishing Society) 
ICK-; and a book entitled '^Poval" written by Nagano et al. 
(1981), pubUshed by KOBUNSI KANKO-KAl may be 
referred to. 

The degree of the "saponification" in the polyvinyl alco- 
hoi may preferably be not less than 70%. more preferably, 
not less than 85%. in terms of mole percentage. The degree 
of polymerization of the polyvinyl alcohol may preferably 
be not less than 100 and not more than SCiOO (more 
preferably, not less than 200 and not more than 30(X)). 

(Polysaccharide and derivatives thereof) 

On the other hand, "polysaccharide and derivatives 
thereof usable in the present invention may also include 
biopoiymers which are synthesized in a living organism on 
the basis of condensation polymerization, and those 
obtained by chemically modifying these biopoiymers. Spe- 
cific examples of the "polysaccharide and derivatives 
thereof may include: cellulose, cellulose derivatives such 
as hydroxymethyl cellulose, hydroxyethyl cellulose, and 
carboxymethyl cellulose; and amylose. amylopectin* 
pull Ulan, curdlan, xanthan. chitin, chitosan etc. 

(Crosslinking agent for hydrogen-bonding group) 

In a case where a highly hydrogen- bonding resin is used 
as a resin constituting the above-mentioned resin 
composition, a crosslinking agent for a hydrogen-bonding 
group may be used as desired, for the purpose of improving 
the water resistance of the highly hydrogen-bonding resin 
(barrier property after water-resistance environmental test 
thereof). 

The crosslinldng agent for the hydrogen-bonding group 
usable in the present invention is not particularly limited. 
Preferred examples of the crosslinking agent may include: 
titanium-type coupling agent, silane-type coupling agent, 
melamine-type coupling agents epoxy-type coupling agent, 
isocyanate-type coupling agent, copper compound, zirconia 
compound, etc. In view of the water resistance, a zirconia 
compound may particularly preferably be used. 

Specific examples of the zirconia compound may include: 
halogenated zirconium such as zirconium oxychloride, 
hydroxy zirconium chloride, zirconium tetrachloride, and 
zirconium bromide; zirconium salts of mineral acid such as 
zirconium sulfate, basic zirconium sulfate, and zirconium 
nitrate; a^rconium salts of organic acid such as zirconium 
formate, zirconium acetate, zirconiimi propionate, zirco- 
nium caprylate, and zirconium stearate; zirconium con^lex 
salts such as zirconium ammonium carbonate, zirconium 
sodium sulfate, zirconium anunonium acetate, zirconium 
sodium oxalate, zirconiimi sodium citrate, zirconium ammo- 
nium citrate; etc. 

The amount of the addition of the crosslinking agent for 
a hydrogen-tjonding group is not particularly limited, but the 
crosslinking agent may preferably be used so as to provide 
a ratio (K=CN/HN), i.e., ratio of the mole (CN) of the 
crosslinkkig-providing group of the crosslinking agent to the 
mole (HN) of the hydrogen -bonding group of the highly 
hydrogen-bonding resin, which is not less than 0.001 and not 
more than 10. The above molar ratio K may more preferably 
be in the range of not less than 0.01 and not more than 1, 

(Transparency) 

A film or shaped article comprising the resin composition 
according to the present invention may preferably have a 
transparency, in view of advantage in a case where it is used 
for a purpose such as packaging. The transparency may 
preferably have a degree of not less than 80% (more 
preferably, not less than 85%) in tenns of transmitlance of 
whole U^t at a wavelength of 500 nm. F<» exaii5>le. such 
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a transparency may preferably be measured by means of a 
commercially available spectrophotometer (automatic 
recording spectrophotometer Model-330. rafd. by Hitachi 
Seisakusho K.IC). 

(Oxygen permeability) 

The film or shaped article comprising the resin con^osi- 
tion according to the present invention has a gas barrier 
property. The gas barrier property may pa'cferably be not 
more than 0.5 cc/m^ day-atm. more preferably, not more 
than 0.2 cc/m^-day atm (particularly preferably, not more 
than 0.15 cc/m^-day-atm). in terms of an oxygen permeabil- 
ity under the conditions of 30 C. and 60% RH (relative 
humidity). 

(Resistance to folding) 

Tht film or shaped article comprising the resin composi- 
tion according to the present invention may preferably have 
a folding (or bending) resistance. The folding resistance may 
preferably be 20 or less, more preferably 10 or less 
(particularly preferably. 3 or less), in terms of an increment 
ratio R in oxygen permeability defined by R=Vf^j (wherein 
denotes the oxygen permeability after a folding test, and 
Pf denotes the oxygen permeability before the folding test), 
when the resin con^sition. laminate, or laminate Him 
according to the present invention is subjected to a 'folding 
test** as described hereinafter. At the time of the folding test, 
the resin composition is subjected to the folding test, after a 
layer comprising the resin composition and having a thick- 
ness after drying of 0.8 \im is formed on a biaxially oriented 
polypropylene film with a coating of polyvinylidene chlo- 
ride (thickncss=25 jjm, trade name: Senesee KOP, mfd. by 
Daicel K.IC) so that the entirety thereof is formed, into a 
laminated film-type shape. 
<Folding test> 

A 33 cm-wide non-oriented polypropylene film (trade 
name: Pyren Film-CT. mfd. by Toyobo K-K., thickness 50 
Jim) is dry-laminated onto an inorganic laminar compound- 
containing layer (resin composition layer) side of a laminate 
fUm to be examined by means of a laminating machine 
(trade name: Test-Coaler, mfd. by Yasui Seild co.) under a 
j^essure of 4 kg/cm^ at a speed of 6 m/min., while using a 
iir ethane- type adhesive (trade name: Yunoflex-J3, mfd. by 
Sanyo Kasei K.K.) In an amount of 3 g/m^ (solid content). 
The resultant dry-laminated film is then sampled to be 
formed into a test piece f<Km having a length of 12 cm and 
a width of 12 cm. 

The test piece is subjected to 'folding" in the following 
manner. Thus, as shown in FIG. 18, the test piece (Step 1) 
is folded into an accordion -like shape having an interval of 
1 cm by using hands (Step 2). The resultant test piece is then 
sandwiched between two flat plates of acrylic resin 
(dimensions: 15 craixlS cm, thickness: about 5 mm). A load 
of 5 kg is applied to the resultant sandwich-like product, and 
the sandwich-like product is left standing for 30 min. in this 
state (Step 3). Then, the application of the load is removed 
and the test piece is once spread (Step 4). Thereafter, the 
spread test piece is again subjected to the above "folding" 
process (Steps 2 to 3) except that the test piece is provided 
with folds perpendicular to the "first folds" which have been 
produced above, to be folded into an accordion-like shape 
having an interval of 1 cm, whaeby a 'test piece after 
folding" (Step 5) is obtained. 

The thus prepared 'test piece after folding" is subjected to 
oxygen permeability measurement in a manner as described 
hereinafter. When pin-holes, etc, are formed in the inorganic 
laminar compound-containing layer during the above 
"folding", the resultant oxygen permeability tends to be 
increased. 
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(Resin composition) 

With respect to the composition ratio (volume ratio) 
between the inorganic laminar compound and the resin used 
in the present invention, the volume ratio of inorganic 

5 laminar compound/resin (ratio at the time of "Shikomi" 
(mixing for preparation)) may preferably be in the range of 
5/95 to 90/10, more jfreferably in the range of 5/95 to 50/50 
(particularly preferably, in the range of 10/90 to 30/70). The 
volume ratio in the range of 5/95 to 30/70 is advantageous 

10 in view of flexibility as a fUm or shaped article. When the 
volume ratio (fraction) of the above inorganic laminar 
compound/resin is below 5/95. the gas barrier property tends 
to be decreased. On the other hand, when the above volume 
ratio exceeds 90/10, the resultant filmforming property or 

15 formability tends to be decreased. 

In view of the suppression of a decrease in the barrier 
property due to folding, the volume ratio may preferably be 
not less than 7/93. On the other hand, in view of the 
flexibility or the suppression of releasabUity of the resin 

20 composition layer from the base material, the volume ratio 
may preferably be not more than 17/83. In other words, the 
volume ratio of (inorganic laminar conipound/resin) in the 
range of 7/93 to 17/83 is particularly preferred, because the 
decrease in the barrier property due to the folding may 

25 particularly be sup^essed. and great peeling strength may 
easily be obtained in such a range. 

Such a volume ratio may be determined by dividing 
respectively the nimieratCM" value (weight of the inorganic 
laminar compound) and the denominator value (weight of 

30 resin) constituting the weight ratio at the time of the "mixing 
for preparation" of these components, by respective densi- 
ties. In general, there can be a case wherein the density of a 
resin (e.g., polyvinyl alcohol) is somewhat different depend- 
ing on the crystallinity thereof. In the above case, however. 

35 it is possible to calculate the volume ratio while assuming 
the crystallinity of the polyvinyl alcohol to be 50%. 
(Production method) 

The method of formulating or producing the above com- 
position comprising an inorganic laminar compound and a 

40 resin is not particularly limited. In view of the homogeneity 
or easiness in handling at the time of the formulation, it is 
possible to adopt, e.g.. a method (first method) wherein a 
solution obtained by dissolving a resin, and a dispersion 
obtained by preliminarily swelling or cleaving an inorganic 

45 laminar compound, are noixed with each other, and thereafter 
the solvent is removed; a method (second method) wherein 
a dispersion obtained by swelling or cleaving an inorganic 
laminar compound, is added to a resin, and thereafter the 
solvent is removed; a method (third method) wherein an 

50 inorganic laminar compound is added to a solution obtained 
by dissolving a resin to obtain a dispersion in which the 
inorganic laminar compound is swollen or cleft, and there- 
after the solvent is removed; a method (fourth method) 
wherein an inorganic laminar compound and a resin are 

55 kneaded under heating; etc. In view of easiness in the 
provision of a large aspect ratio of the inorganic laminar 
compound, it is preferred to adopt the farmer three method 
(first to third methods). 

In the former two methods (first to second methods), in 

60 view of improvement in tiic water resistance (barrier prop- 
erty after the water-resistance environmental test), it is 
preferred that the solvent is removed from the system and 
thereafter a thermal aging treatment is conducted at a 
temperature of not less than 110° C. and not more than 220° 

65 C. (more preferably, a temperature of not less than 130° C. 
and not more than 210° C). The aging period of time is not 
particularly limited. In consideration of the necessity for a 
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film temperature to reach at least a set temperature, for 
example, it is preferred to adopt an aging time of not less 
than 1 sec. and not more than 100 min. (more preferably, 
about 3 sec. to 10 min.) In the case of a drying method using 
a heating medium-contact type dryer such as hot-air dryer, 5 
in view of a balance between the water resistance and 
productivity. 

The heat source to be used in the above aging treatment 
is not particularly limiled. For example, it is possible to 
apply any of various methods such as those utilizing heat roll 
contact, heat medium contact (air, oE. etc.) infrared heating, 
and microwave heating. 

The effect of improving the water resistance may remark- 
ably be enhanced in a case where at least one (more 
preferably, both) of conditions such that the resin is a highly 
hydrogen-bonding resin, and/or the inorganic laminar com- 
pound is a clay mineral having a swelling property, is 
satisfied. 

(Substance having gas barrier property) 
The laminate, laminate film or shaped article according to 
the present invention has a feature such that a layer (or 20 
portion) comprising a resin composition comprising the 
above-mentioned (inorganic laminar compound/resin) and a 
layer (or portion) comprising a substance having a gas 
barrier property are combined with each other. The gas 
barrier substance may preferably be a substance having a gas 25 
barrier property of not more than 30 cc/m^-day-atm, more 
preferably not more than 10 cc/m^-day-atm (particularly 
preferably, not more than 2 cc/m^-day-atm), in terms of 
oxygen permeability (barrier property of base material 
before surface treatment) under the condition of 30** C. and 30 
60% RH (relative humidity). 

The gas barrier substance usable in the present invention 
is not particularly limited, as long as it has a "gas barrier 
property" as described above. Prefeired examples thereof 
may include: metals or oxides, ethylene-vinyl alcohol 35 
copolymer and/or polyvinylidene chloride, etc. Among these 
gas barrier substances, ethylene-vinyl alcohol copolymer 
and polyvinylidene chloride are substances having a filra- 
forroing property or film formability in itself. 

(Metal or oxide) '*o 
In the present invention, in a case where a metal or oxide 
is used as a substance having a gas barrier property, the 
metal or oxide may prefCTably be used in the form of a layer 
or film. The "metal- to be used in such an embodiment is not 
particularly limited as long as it has a gas barrier property, 45 
but a metal having a stability in the air in the form of a film 
or thin film may preferably be used In view of the stability 
in the air. it is preferred to use a metal (such as aluminum) 
suc^ that the film surface is stabilized due to oxidation after 
the thin film formation. ^ _ 50 

On the other hand, the above-mentioned oxide is not 
particularly limited as long as it has a gas barrier property. 
Preferred examples of such an oxide may include: aluminum 
oxide, silicon oxide, titanium oxide, zinc oxide, etc. 

In view of a balance between the gas barrier property and 55 
flexibility (or productivity), the film of the metal or oxide to 
be used in the present invention may preferably have a 
thickness of not less than 1 nm and not more than 1000 nm, 
more preferably not less than 10 nm and not more than 300 
nm (particularly preferably, not less than 15 nm and not 60 
m<H:e than 150 nm). 

The process for forming a fiLbn of the metal or oxide to be 
used in the present invention is not particularly limited. It is 
possible to use a vapor-phase deposition such as ordinary 
vacuum evaporation. CVD (chemical vapor deposition), and 65 
sputtering; and liquid-phase deposition such as sol-gci 
process. 



In the present invention, the above-mentioned filni of a 
metal or oxide may be formed on at least one surface side of 
a '^esin film". The resin film to be used for such a purpose 
is not particularly limited. In view of the film strength, 
however, it is preferred to use. e.g.. a biaxially oriented 
polyethylene terephthalate film, a biaxially oriented nylon 
film, a biaxially oriented polypropylene film, etc. 
(Ethylene-vinyl alcohol copolymer) 
In the present invention, in a case where the above- 
mentioned ethylene-vinyl alcohol copolymer is used as a gas 
bacrier substance, it is preferred to use, as the ethylene-vinyl 
alcohol copolymer, a product obtained by co-polyraerizing 
ethylene and vinyl acetate and then saponifying the resultant 
copolyraerization product. The mole fraction of ethylene in 
such a case may preferably be in the range of 20-60 mol % 
(more preferably, 25-50 moi %). The method of forming the 
ethylene-vinyl alcohol copolymer into a film is not particu- 
larly limited. For example, it is possible to use ordinary 
extrusion molding such as inflation molding, castiiig or 
coating from emulsion, etc. The thickness of the film is not 
particularly limited, but may preferably be about 0.5-50 pm 
(more preferably, about 1-30 pm). In the case of extrusion- 
molded film, it is preferred to use a film which has been 
subjected to orientation treatment, in view of the film 
strength. 

(Polyvinylidene chloride) 

In the present invention, in a case where polyvinylidene 
chloride is used as the gas barrier substance, it is possible to 
use a polymer predominantly comprising a vinylidene chlo- 
ride monomer (preferably, one having a mole fi-action of 
vinylidene chloride monomer of 70 mol % or more, more 
preferably. 80 mol % or more) wittiout particular limitation. 
The polyvinylidene chloride may also contain at least one of 
various kinds of copolymerization monomers, as desired. 

The method of forming the polyvinylidene chloride into a 
film is not particularly limited. It is preferred to use ordinary 
extrusion molding using a T-type die, coating (so-called 
"K-coating") utilizing polyvinylidene chloride in an aque- 
ous emulsion or solution form, etc. The thickness of the film 
is not particularly limited, but may preferably be about 
0.5-50 pm (more preferably, about 1-30 pm). In the case of 
an extrusion film, it is preferred to use a film which has been 
subjected to orientation treatment, in view of film strength. 
(Method of lamination onto gas barrier substance layer) 
The method by which a layer of a resin conqx>sition 
containing an inorganic laminar compound is laminated on 
the above-mentioned layer of the gas barrier substance (such 
as thin film of metal or oxide, layer of ethylene-vinyl alcohol 
copolymer, and layer of polyvinylidene chloride) is not 
particularly limited. It is preferred to use a coating method 
wherein a coating liquid containing a resin composition is 
applied onto the surface of a base material or a layer of a gas 
barrier substance, and then dried and heat-treated; a method 
wherein a layer of a resin con^sition containing an inor- 
ganic laminar compound is laminated afterward onto a gas 
barrier substance layer; etc. The interface between the gas 
barrier substance layer and the resin composition layer may 
be subjected to treatment such as corona treatment and 
anchor coating treatment, as desired. 

Specific examples of the coating method may include: 
gravure methods such as direct gravure method, reverse 
gravure method and micro-gravure method; roU coating 
methods such as twin-roll bead coating method, and bottom- 
feed triple reverse coating method; doctor knife method, die 
coating method, dip coating method, bar coating method, 
and coating method combining these coating methods. 
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(Laminate structure) 

The laminate structure or shaped structure to be used in 
the present invention is not particularly limited, as long as it 
conoprise. as at least a portion (or layer) thereof, a resin 
composition comprising a resin and an inorganic laminar 
compound having an aspect ratio of not less than 50 and not 
more than 5000. More specifically, the laminate or resin 
composition according to the present invention may be 
sha|>ed into any of various fcrms such film, sheet, and 
container. 

FIG. 4 is a schematic sectional view showing an embodi- 
ment wherein the leuninate according to the present inven- 
tion is shaped into the form of a laminate film. Referring to 
FIG- 4. the laminate film in this embodiment comprises a 
resin film 3, a layer 2 of a gas barrier substance disposed on 
the resin layer 3. and an inorganic laminar compound- 
containing (resin composition) layer 1 disposed on the gas 
barrier substance layer 2. 

The laminate film according to the present may also have 
a laminate structure as shown in the schematic sectional 
views of FIGS. 5-7 as desired, in consideration of a balance 
between the gas barrier property, and mechanical strengttt 
such as film strength as the laooinate. The laminate film in 
the embodiment of FIG. 5 further con^rises a **base material 
4 for lamination" on the inorganic laminar compound- 
containing layer 1 in the embodiment of the above FIG. 4. 
The laminate film in the embodiment of FIG. 6 further 
comprises a "base material 4 for lamination" on the resin 
film 3 in the embodiment of the above FIG. 4. In addition, 
the laminate film in the embodiment of FIG. 7 further 
comprises a "base material 4 or 4ij for lamination" both on 
the inorganic laminar compound-containing layer 1 side, 
and on the resin film 3 side in the embodiment of the above 
FIG. 4. 

In a case where the above gas banier substance itself has 
a fUm-forming property (e.g., in a case where the gas barrier 
substance coit^srises a resin such as ethylene-vinyl alcohol 
copolymer, and polyvinylidene chloride), the laminate 
according to the present invention may have a structure as 
shown in FIG. 8. Referring to FIG. 8, the laminate film in 
this embodiment comprises a layer 2a of a gas barrier 
substance, and an inorganic laminar compound-containing 
(resin composition) layer 1 disposed on the gas barrier 
substance layer 2a. 

In such an embodiment, the laminate may also have a 
laminate structure as shown in schematic sectional views of 
FIGS. as desired, in consideration of a balance between 
the gas barrier property, and mechanical strength such as 
film strength as a laminate. The laminate film in the embodi- 
ment of FIG. 9 further comprises a base material 13 for 
laminating on the inorganic laminar coir^ound-containing 
layer 1 of the embodiment of above FIG. 8. The laminate 
film in the embodiment of FIG. 10 further comprises a base 
material 13 for laminating on the gas barrier substance layer 
2a side of the embodiment of the above FIG. 8. In addition, 
the Laminate fUm in the embodiment of FIG. 11 further 
comprises a base material 13 or 13a for laminating both on 
the inorganic laminar compound-containing layer 1 side and 
on the gas hairier substance layer 2a side in the embodiment 
of above FIG. 8. 

(Base material) 

In the present invention, the base material to be used for 
the base material (or substrate) layer (e.g., the resin fUm 3 in 
the embodiment of FIG. 4) is not particularly limited. It is 
possible to use any of known or ordinary base materials such 
as resin, paper, aluminum foil, woody material, cloth, and 
non woven fabric, in accordance with the use or purpose 
thereof. 
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Specific examples of the resin constituting the base mate- 
rial may include: polyolefin-type resins such as polyethylene 
(low density, high density) ethylene-propylene copolymer, 
ethylene-butene copolymer, ethylene-hexene copolymer. 

5 ethylene-octene copolymer, polypropylene, ethylene-vinyl 
acetate copolymer, ethylene-methyl methacrylate 
copolymer, and ionomer resin; polyester-type resins such as 
polyethylene terephthalate (PET), polybutylene 
terephthalate, and polyethylene naphthalate; amide- type res- 

10 ins such as nylon-6. nylon-6'6. meta-xylenediamine-adipic 
acid condensation polymer, and polymethyl methacrylim- 
ide; acrylic-type resins such as polymethyl methacrylate; 
styrene- or acrylonitrile-type resins such as polystyrene, 
styrene-acrylonitrile copolymer, styrene-acrylonitrile- 

*5 butadiene copolymer, and polyacrylonitrile ; hydrophobicity- 
iniparted cellulose-type resins such as cellulose triacetate, 
and cellulose diacetate; halogen-containing resins such as 
polyvinyl chloride, polyvinylidene chloride, polyvinylidene 
. fluoride, and polytetrafluoroethylene (Teflon); hydrogen- 

20 bonding resins such as polyvinyl alcohol, ethylene-vinyl 
alcohol copolymer and cellulose derivatives; engineering 
plastic-type resins such as polycarbonate resin, polysulfone 
resin, polyediersulfone resin, polyether ether Icetone resin. 
pol5rphenylene oxide resin, polymethylene oxide resin, and 

25 liquid crystal resin; etc. 

In a case where the laminate according to the present 
invention is shaped into a film form, as the outside layer (a 
layer constituting the outside of the laminate, e.g.. the layer 
3 or 4 in the embodiment of FIG. 5. the layer 43 in the 

^ embodiment of FIG. 7), it is preferred to dispose biaxially 
oriented polypropylene, polyethylene terephthalate, and 
nylon, biaxially oriented polypropylene, polyethylene 
terephthalate. and nylon having a polyvinylidene chlodde 
coating (so-called "K-coat"), etc. On the other hand, as the 
inside layer (a layer constimting the inside or content side of 
the laminate, e.g.. the layer 3 or 4 in the embodiment of 
FIGS. 4-5. the layer 4 <^ 4a in die embodiment of FIG. 6-7), 
it is preferred to dispose a resin having a good heat sealing 
property, such as polyolefin-type resin. Specific examples of 

^ such a polyolefin-type resin may include: polyethylene (low 
density, high density) ethylene-propylene copolymer, 
ethylenc-butene copolymer, ethylene-hexene copolymer, 
ethylene-octene copolymer, polypropylene, ethylene-vinyl 
acetate copolymer^ ethyiene-methyl methacrylate 
copolymer, ionomer resin, etc. 
(Resin composition layer) 

The thickness of a resin composition comprising an 
inorganic laminar compound and a resin is not particularly 

50 limited While the thickness of this resin composition layer 
is somewhat different depending on the kind of a base 
material to be combined therewith, or an intended barrier 
performance, the thickness may preferably be not more than 
10 |.un in terms of the thickness after drying. In a case where 

55 a higher transparency is demanded, the thickness may pref- 
erably be not more tlian 2 jjm (more preferably, not more 
than 1 jmi) in temas of thickness after drying. When the 
thickness is not more than 1 pm, it is considerably advan- 
tageous in view of the transparency as the resultant laminate. 

60 Accordingly, such a thickness is particularly preferred for a 
use wherein transparency is particularly demanded (c.g., use 
for food packaging). 

The thickness of the resin coinposition layer does not 
have a particular lower limit. In view of provision of a 

65 sufiBcient gas barrier property, the thickness may preferably 
be 1 nm or larger, more preferably 10 nm or larger 
(particularly preferably. 100 nm or larger). 
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(Additive) 

In addition* it is also possible to mix with or add to the 
laminate or laminate lilm according to the present invention 
as desired, any of various additives such as ultraviolet light 
absorbing agent, colorant, and antioxidant, within a range 
wherein the effect of the present invention is not substan- 
tially impaired. Further, it is of course possible to use an 
adhesive or printing ink. as desired, e.g.. at &e time of 
laminating operation. 

In the present invention, the shape or form of a product is 
not particularly linciited as long as it comprises, as at least a 
layer (or a portion) thereof, the above-mentioned laminate or 
laminate film according to the present invention. More 
specifically, the product may be any of various forms 
inclusive of laminate, or shaped or molded product (e.g., 
container or vessel such as bottle, tray, and cup), etc. 

Hereinbelow, the present invention will be described in 
detail with reference to Examples, by which the present 
invention is not limited. 

(Examples) 

The methods of measuring various physical properties 
used in the present specification are described below. 
<Oxygen permeability> 

Oxygen permeability was measured by using a method 
according to Japanese Industrial Standard (JIS) (JIS 
K-7126). 

More specifically, a sample film (test piece) was mounted 
to a commercially available oxygen permeability measuring 
apparatus (trade name: OX-TRAN 10/50A, mfd. by 
MOCON Co. U.S.A.). and the oxygen permeability was 
measured under the measuring conditions of a temperature 
of 31*" C. (humidity-controUed thennostat=2 r C). At this 
time, the relative humidity was about 61%. In this 
measurement, the oxygen permeability of the sample film 
was continuously measured, and the oxygen permeability at 
a point of time at wliich the oxygen permeability became 
substantially constant (usually, about several hours to three 
days after the initiation of the measurement) was used as the 
data thereof in this specification. When fee oxygen trans- 
mission is represented by the ordinate of a graph, and the 
time t is rejfHTCScnted by the abscissa thereof, the period of 
time (6 sec.) wherein the film interior readies the equilib- 
rium may be represented by an equation of e=d^/6-D. 
wherein d denotes the film thickness (>im) of the film, and D 
denotes a diffusion constant ((pm)^/sec). Accc«-dingly. the 
period of time for the measurement is different depending on 
the kind of the sample. 
<Thickness measuremeno 

A thickness of not less than 0.5 pm was measured by 
means of a commercially available digital-type thickness 
measuring device (contact -type thickness measuring device, 
trade name: Ultra-High Precision Deci-Micro Head 
MH-15M. mfd. by Nihon Kogaku ICK.). 

On the other hand, a thickness of less than 0.5 was 
determined by a gravimetric analysis method, wherein the 
weight of a film having a predetermined area was measured, 
the resultant weight was divided by the area, and further 
divided by the specific gravity of the coiiiposition, or an 
elemental analysis method (in the case of a laminate com- 
prising a resin composition and a base material, etc.). 

In a case where the elemental analysis (Measuring prin- 
ciple: ICP emission spectrometry, with reference to a book 
entitled ''ICP Emission Spectrometry", edited by Nihon 
Bunseki Kagaku-kai (Japan Society of Analytical 
Chemistry). 1988, published by Kyoritsu Shuppan) was 
used, the ratio between the layer of the resin composition 
according to the present invention and the base material was 
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determined by calculation on the basis of the ratio between 
the analytical value of a predetermined inorganic element 
(originating from the composition) of the laminate, and the 
fraction of a jM^cdetermined element (e.g.. Si) of the layer of 

5 the inorganic laminar compound alone. 
<Particle size measurement> 

Predetermined parameters such as the refractive index of 
a solvent (e.g.. n=l,332 in the case of water), the viscosity 
of the solvent (e.g.. ii=0.890 cP. in the case of water), and the 
refractive index of an inorganic laminar compound (e.g.. 

* n=1.56 in the case of mica) were inputted to a commercially 
available ultrafine particle size analyzing apparatus (trade 
name: BI-90. mfd. by Brookheven Co., U.S.A.. Japanese 
agent: Nikkiso K.K.). and measiurement was conducted at a 
temperature of 25? C. in a solvent of water, while a solution 

^ having a weight ratio (inorganic laminar conq>oundAvater) 
of 2% was diluted in accordance with an estimated particle 
size. Through such a method, the particle size L was 
determined as a central particle size value measured by 
photon correlation method based on dynamic light 
scattering, which was automatically output from the above 
analyzer as a digital value. In this particle size measurement 
for the inorganic laminar compound, each time the mea- 
surement was conducted, calibration measurement was also 
conducted by using the following standard samples com- 
prising true spherical fine particles, whereby it was con- 
firmed that the measiu-ed data of the particle size of the 
standard samples fell within the range of relative error of 
±10%. 

True Spherical Fine Particles: particles mfd. by Dow 
Chemical Co., U.S.A., trade name: UNIFORM LATEX 
PARTICLES 

<Particle size determined by SEM (scanning electron 
microscope); E)ow> 
35 0.085 \im (deviation 0.0055 pm) 
0.109 jjm (deviation 0.0027 ^) 
0330 |im (deviation 0.0040 ^un) 
0.806 pm (deviation 0.0057 ^im) 
2.02 imi (deviation 0.0135 iim) 
40 2.97 pm (deviation 0,23 jun) 
<Aspcct ratio calcuiation> 

An inorganic laminar compound and a resin composition 
were respectively subjected to diffraction measurement by 
means of a commercially available X-ray difiractometer 
45 (u-ade name: XD-5A, mfd. by Shimazu Seisakusho K.K.) 
through a powder method. The lattice spacing (unit 
thickness) a was determined on the basis of the measurement 
of the inorganic laminar compound alone. In addition, it was 
confirmed that a portion in which the lattice spacing of the 
50 inorganic laminar compound had been increased (a potion in 
which lattice spacing d>a) was present, on the basis of the 
diffiraction measurement of the resin composition. 

By use of the resultant particle size L obtained by the 
dynamic scattering method, the aspect ratio Z was dctcr- 
55 noined by using an equation of Z=17a. 

EXAMPLE 1 

Natural montmoriUonite (trade name: Kunipia F. mfd. by 
Kunimine Kogyo K.K.) was dispersed in ion-exchange 

60 water (electric conductivity: 0.7 jiS/cm or below) so as to 
provide a concentration of 2 wt %. thereby to provide a 
dispersion of an inorganic laminar compound (Liquid A). 
The above montmoriUonite had a particle size of 560 nm, a 
unit thickness a obtained by powder X-ray diffraction of 

65 1.2156 nm, and an aspect ratio of 461. 

Separately, a polyvinyl alcohol (trade name: PVA 117H. 
mfd. by Kuraray K.K.. saponification degree=99,6%, degree 
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of polyraeri2ation=1700) was dissolved in ion-exchange 
water (electric conductivity: 0.7 )jS/cm or below) so as to 
provide a concentration of 2 wt. %, thereby to provide a 
resin solution (Liquid B). 

The thus obtained Liquids A and B were mixed with each ^ 
other so as to provide a solid conteDt ratio (volume ratio) of 
(inorganic laminar com]K>und/resin) =3/7, thereby to pro- 
vide a coating liquid. 

The coating liquid having the above composition was 
applied onto the vapor-deposited silicon oxide surface of a 
12 ^m-thick polyethylene terephthalate film having a silicon 
oxide vapor deposition coating (trade name: MOS, mfd. by 
Oikc Kogyo Co.) by gravure coating (by use of 'Test 
Coater" rafd. by Yasui Seiki K.KL» microgravure coating 
method, coating speed: 3 m/min., drying temperature: 80° C. 
(inlet side heater), 100° C. (outlet side heater)), thereby to 
provide a laminate filnL The thickness after drying of the 
above coating layer was 0.3 ^im. 

The thus obtained laminate film was subjected to oxygen 
permeability measurement at 30° C 60% RH. As a result, 
the measured oxygen permeability was below 0.1 
cc/m^-day atm as shown in Table L and it was found that the 
laminate film was excellent in gas baxrier property. 

EXAMPLES 2-^ 

Laminate films were prepared and the oxygen permeabili- 
ties thereof were measured in the same manner as in 
Example 1, except that the kind of the inorganic laminar 
compound and/or resin, volume ratio between the inorganic 30 
laminar compound and resin, crosslinking agent for a 
hydrogen-bonding group, and the conditions for a heat 
treatment after the film formation were respectively changed 
to those shown in Table 1. 

The measurement results are shown in the above Table 1. 
As shown in the Table 1. all of the laminate films provided 
by these Examples had an excellent barrier property. 

EXAMPLE 7 

40 

Zirconium ammonium carbonate (trade name: Zircosol 
AC7, mfd. by Dai-ichi Kigenso Kogyo K-IC, an aqueous 
solution containing 15 wt % of the solute (calculated in 
terms of zirconium oxide), as a crosslinking agent fcr 
hydrogen-bonding group was added to the mixture solution 
comprising the Liquid A and Liquid B prepared in Example 
1 in an amount so as to provide a ratio of the zirconium 
element of one mole, with respect to 15 mole of the hydroxyl 
group of the polyvinyl alcohol. By use of the resultant 
mixture, a laminate film was prepared and the oxygen ^ 
permeability thereof was measured in the same manner as in 
Example 1, except that the other constituents were changed 
to those as shown in Table 1. 

The measurement results are shown in the above Table 1. 
As shown in the Table 1, the laminate film provided by this 55 
Example had an excellent barrier property. 

EXAMPLE 8 

Zirconium ammotiium carbonate (trade name: Zircosol 
ACT?, mfd. by Dai-ichi Kigenso Kogyo K.K.. an aqueous 60 
solution containing 15 wt % of the solute (calculated in 
terras of zirconium oxide), as a crosslinking agent for 
hydrogen -bonding group was added to the mixture solution 
con^rising Liquid A and Liquid B prepared in Example 1 in 
an amount so as to provide a ratio of tiie zirconium element 65 
of one mole with respect to 15 mole of the hydroxyl group 
the Polyvinyl alcohol. By use of the resultant mixture, a 



751 

20 

laminate film was prepared in the same manner as in 
Example 1 , except that the other constituents were changed 
to those as shown in Table 1. Thereafter, the resultant 
laminate film was subjected to a heat treatment by means of 
a hot-air dryer at 140° C. for 10 min.. thereby to provide a 
laminate film. 

The oxygen permeability of the thus obtained was mea- 
sured As shown in the above Table 1, the laminate film 
provided by this Example had an excellent barrier property. 

EXAMPLE 9 

A 33 cm-wide non-oriented polypropylene film (trade 
name: Pyren Film-CT, mfd. by Toyobo K-KL. thickness 60 
pm) was dry-laminated onto an inorganic laminar 
compound'Containing layer (resin composition layer) side of 
the laminate film obtained in Example 1. by means of a 
laminating machine (trade name: Test-Coater, rafd. by Yasui 
Seiki Co.) under a pressure of 4 kg/cm^ at a speed of 6 
ra/nnin., while using a urethane-type adhesive (trade name: 
Yunoflex-J3, mfd. by Sanyo Kasei K.K.) in an amount of 3 
g/m^ (soHd content), thereby to provide a laminate film. The 
oxygen permeability of the thus obtained laminate film was 
then measured at 30** C. 60% RH. As a result, the oxygen 
permeability was below 0.1 cc/m^ day atm and it was also 
found that the laminate film was excellent in the heat sealing 
property and transparency, as well as the gas barrier prop- 
erty. 

Comparative Example 1 

A laminate film was prepared in the same manner as in 
Example L except that the dispersion of the inorganic 
laminar compound (Liquid A) used in Example 1 was not 
used, and a resin solution (Liquid B) obtained by dissolving 
a polyvinyl alcohol (trade name: PVA 117H. mfd. by 
Kuraray K.K-. saponification degree=99.6%, degree of 
polymerization=1700) in ionexchange water so as to provide 
a concentration of 2 wt. %. was used alone as a coating 
liquid. 

Tlie oxygen permeability of the thus obtained laminate 
film was measured. The measurement results are shown in 
Table 1, As shown in the Table 1. the above laminate film 
only had a poor gas barrier property. 

Comparative Examples 2-4 

The oxygen permeabilities of some commercially avaU- 
able metal- or oxide-vapor deposited films as shown in the 
above Table 1 were measured. 

As shown in die Table 1. these films only had a poor gas 
barrier property. 

Comparative Example 5 

Preparation of a laminate film was attempted in the same 
manner as in Exaii^>le 1. except that the resin solution 
(Liquid B) used in Example 1 was not used, and the 
dispersion of the inorganic laminar compound (Liquid A) 
used in Example 1 was used alone as a coating liquid As a 
result, in this prqparation iH'ocedure. the powder of the 
inorganic laminar compound (natural montmorillonite) was 
partially peeled off from the laminate film, the resultant 
siirface the laminate film showed a noticeable whitish color 
(outside haze or scratches originating from the surface 
unevenness). and a good laminate film could not be 
obtained. 

The meanings of the abbreviation used in the above Table 
1 are as follows. 
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MOS: Polyethylene terephthalate mm having a silicon 
oxide vapor deposition coating (trade name: MOS, mfd. by 
Oikc Kogyo Co.) 

VMPET: Polyethylene terephthalate film having an alu- 
minum oxide vapor deposition coating (trade name: 
VMPET. mfd. by Toyo Aluminum K-K.) 

AL: Polyethylene terephthalate film having an aluminum 
vapor deposition coating (trade name: TetUte. mfd. by Olke 
Kogyo Co.) 10 

F: Natural montmoriiionite (trade name: Kumpia F. mto. 
by Kunimine Kogyo Co.) 

H: Polyvinyl alcohol (trade name: Poval 117H. mfd. by 
Kuraray K.K., degree of polymerization=1700. saponifica- 
tion degree=99.6%, ) 15 

Z: Aqueous solution of zirconium ammonium carbonate 
(trade name: Zircosol AC7, mfd. by Dai-ichi Kigenso Kogyo 
K.K.) 

A: Heat treating of a laminate film (after drying) at 140^ 
C. for 10 min. 

EXAMPLE 10 

Synthetic mica (tetrasilylic mica, trade name: NA-TS. 
mfd. by Tc^y Kogyo Co.) was dispersed in ion-exchange 
water (electric conductivity: 0,7 \iS/cm or below) so as to 25 
provide a concentration of 0.65 wt. %. thereby to provide a 
dispersion of an inorganic laminar compound (Liquid A). 
The above synthetic mica had a particle size of 977 nm. a 
unit thickness a obtained by powder X-ray diffiraction of 
0.9557 nm, and an aspect ratio Z of 1043. 

Separately, a polyvinyl alcohol (trade name: PVA 117H, 
mfd. by Kuraray K.K.. saponification degree=99.6%. degree 
of polymcrization=1700) was dissolved in ion-exchange 
water (electric conductivity: 0.7 nS/cm or below) so as to 
jM-ovidc a concentration of 0.325 %, therein to provide 
a resin solution (Liquid B). 

The thus obtained Liquids A and B were mixed with each 
other so as to provide a solid content ratio (volume ratio) of 
(inorganic laminar cora^jound/resin) ==3/7. thereby to pro- ^ 
vide a coating liquid. 

The coating liquid having the above composition was 
appUed onto a 15 pm-thick ethylene-vinyl alcohol copoly- 
mer film (trade name: Eval EF-R mfd. by Kuraray K.K.) by 
gravure coating (by use of 'Test Coater'' mfd. by Yasui Seild 
K.K-. mlcrogravurc coating method, coating speed: 3 
m/min., drying temperature: SO'* C. (inlet side heater). 100° 
C. (outlet side heater)), thereby to provide a laminate film. 
The thickness after drying of the above coating layer was 0.8 
fun. 50 

The thus obtained laminate film was subjected to oxygen 
permeability measurement at 30'^ C. 60% RH. As a result, 
the measured oxygen permeability was 0.09 cc/m -day-atm 
as shown in Table 2. 
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EXAMPLE 16 



EXAMPLES 11-15 
Laminate films were prepared and the oxygen permeabili- 
ties thereof were measured in the same manner as m 
Example 10. except that the kind of the inorganic laminar 
compound and/or resin, volume ratio between the inorganic eo 
laminar compound and resin. crossUnking agent for a 
hydrogen-bonding group, and heat treatment after the film 
formation were respectively changed to those shown in 
Table 2. 

The measurement results are shown in the above Table 2. 65 
As shown in the Table 2, all of the laminate films provided 
by these Examples had an excellent barrier property. 



Zirconium ammonium carbonate (trade name: Zircosol 
ACr7. mfd. by Dai-ichi Kigenso Kogyo K.K.. an aqueous 
solution containing 15 wt. % of the solute (calculated m 
terms of " zirconium oxide), as a crossUnking agent for 
hydrogen-bonding group was added to the mixture soluUon 
comprising the Liquid A and Uquid B prepared in Example 
10 in an amount so as to provide a ratio of the zirconium 
element of one mole, with respect to 15 mole of the hy droxyl 
group of the polyvinyl alcohol. By use of the resultant 
imxan-e. a laminate film was prepared and the oxygen 
permeabiUty thereof was measured in the same manner as in 
Example 10. except that the other constituents were changed 
to those as shown in Table 2. 

The measurement results are shown in the above Table 2. 
As shown in the Table 2. the laniinate film provided by this 
Example had an excellent barrier propearty. 

EXAMPLE 17 

Zirconium ammonium carbonate (trade name: Zircosol 
AC7 mfd. by Dai-ichi Kigenso Kogyo K.K.. an aqueous 
solution containing 15 wt. % of the solute (calculated in 
terms of zirconium oxide), as a crossUnking agent for 
hydrogen-bonding group was added to the mixture solution 
coiiQ)iising the Uquid A and Liquid B p-epared in Example 
10 in an amount so as to provide a ratio of the zu-conium 
element of one mole, with respect to 15 mole of the hydroxyl 
group of the polyvinyl alcohol. By use of the resultant 
mixture, a laminate film was prqpared in the same manner as 
in Example 10. except that tiic other constituents were 
changed to those as shown in Table 2. Thereafter, the 
resultant laminate film was subjected to a heat treatment by 
means of a hot-air dryer at 140° C. for 10 min.. thereby to 
provide a laminate film. 

The oxygen permeabiUty of the thus obtained laminate 
film was measured. As shown in the Table 2. the laminate 
film provided by this Example had an exceUent barrier 
property. 

EXAMPLE 18 

A non-oriented polypropylene film (trade name: Pyren 
Film-CT. mfd. by Toyobo K.K.. thickness 60 ^m) was 
dry-laminated onto an inorganic laminar compoundcontain- 
ing layer (resin composition layer) side of the lanunate film 
obtained in Example 10 in the same manner as m Example 
9 while using a urethane-type adhesive (trade name: 
Yunoflex-J3. mfd. by Sanyo Kasei K.K,) in an amount ^3 
g/m^ (soUd content), thereby to provide a lammate film. The 
oxygen permeability of the tiius obtained laminate film was 
tiien measured at 30« C 60% RH. As a result, the oxygen 
permeabiUty was below 0.1 cc/m=^.day atm. and it was also 
found that the laminate film was exceUent in the heat sealmg 
property and transparency, as weU as tiic gas bamer prop- 
erty. 

Comparative Example 6 
A laminate film was prepared in the same manner as in 
Example 10, except that the dispersion of the inorgamc 
laminar compound (Liquid A) used in Exanaple 10 was not 
used, and a resin solution (Uquid B) obtained by dissolving 
a polyvinyl alcohol (trade name: PVA 117H. mtd. by 
Kiuaray K.K-, saponification degree=99.6%. degree of 
polymerization=1700) in ion-exchange water so as to pro- 
vide a concentration of 1 wL was used alone as a coatmg 
liquid. 
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The oxygen pcnneability of the thus obtained laminate 
film was measured. The measurement results are shown in 
Table 2. As shown in the Table 2. the above laminate film 
only had a poor gas barrier jroperty. 

Comparative Example 7 

A commerciaily available 15 jjm- thick ethylene- vinyl 
alcohol copolymer film (trade name: Eval EF-F. mfd. by 
Kuraray K.K.) was subjected to a test for measuring the 
oxygen permeability thereof. 

As shown by the measurement results in the Table 2. this 
film only had a poor gas barrier property. 

Comparative Example 8 

Preparation of a laminate film was attempted in the same 
manner as in Example 10. except that the resin solution 
(Liquid B) used in Example 1 was not used, and the 
dispersion of the inorganic laminar compound (Liquid A) 
used in Example 10 was used alone as a coating liquid As 
a result. In ^s preparation procedure, the powder of the 
inorganic laminar compound (synthetic mica) was partially 
peeled off from Che laminate film, the resultant surface the 
laminate fibn showed noticeable scratches, and a good 
laminate film could not be obtained. 

The meanings of the abbreviation used in the above Table 
2 are as follows. 

EF-F: Ethylene- vinyl alcohol copolymer film (trade 
name: Eval EF-F, mfd, by Kuraray K.IC. ethylene content^ 
32 mol %) 

EF-E: Ethylene-vinyl alcohol copolymer film (trade 
name: Eval EF-E. mfd. by Kuraray K.K., ethylene contents: 
44 mol %) 

NA: Tetrasilylic mica (trade name: NaTS, mfd, by Topy 
Kogyo Co.) 

F: Natural montmorillonite (trade name: Kunipia F^ by 
Kunimine Kogyo Co.) 

H: Polyvinyl alcohol (trade name: Poval 117H, mfd. by 
Kuraray K.K., degree of polymeri2ation= 1700* saponifica- 
tion degree=99.6%. ) 

Z: Aqueous solution of zirconium ammonium carbonate 
(trade name: Zircosol AC7, mfd. by Dai-ichi Kigenso Kogyo 
K.K.) 

A: Heat treating of a laminate film (after drying) at 140^ 
C. for 10 min. 

EXAMPLE 19 

Natural montmorillonite (trade name: Kunipia F, nifd. by 
Kunimine Kogyo K.K.) was dispersed in ion-exchange 
water (electric conductivity: 0.7 pS/cm or below) so as to 
provide a concentration of 2 wt. thereby to provide a 
dispersion of an inorganic laminar compound (Liquid A). 
The above montmorillonite had a particle size of 560 nm, a 
unit thickness a obtained by powder X-ray diffraction of 
1.2156 nm. and an aspect ratio of 461. 

Sq>aratcly, a polyvinyl alcohol (trade name: PYA 117H, 
mfd. by Kuraray K.K., saponification degree=99.6%. degree 
of polymenzation:=17(X)) was dissolved in ion-exchange 
water (electric conductivity: 0.7 ^S/cm or below) so as to 
provide a concentration of 2 wt. %. thereby to provide a 
resin solution (Liquid B). 

The thus obtained Liquids A and B were mixed with each 
other so as to provide a solid content ratio (volume ratio) of 
(inorganic laminar compound/resin>=3/7, thereby to provide 
a coating liquid. 
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The coating liquid having the above composition was 
applied onto a corona-treated surface of a 25 pm-thick 
biaxially oriented polypropylene film having a pvolyvi- 
nyhdene chloride coating (trade name: Senesee KOP. mfd. 
5 by Daicel KK,. polyvinyUdene chloride layer: about 4 ^im) 
"by gravure coating (by use of *Test Coater" mfd, by Yasul 
Seiki K.K.. micrograwu-e coating method, coating speed: 3 
m/min., drying temperature: 80° C. (inlet side heater). 1(X)** 
C. (outlet side heater)), thereby to provide a laminate film 
The thickness after drying of the above coating layer was 0.5 
|jm. 

The thus obtained laminate film was subjected to oxygen 
permeability measurement at 30° C 60% RH. As a result, 
the measured oxygen permeability was below 0.1 
cc/m^*day*atm as shown in Table 3, and it was found that the 
laminate film was excellent in gas barrier property. 

EXAMPLES 20-24 

Laminate films were prepared and the oxygen permeabili- 
ties thereof were measured in the same manner as in 

20 Example 19, except that the kind of the inorganic laminar 
compound and/or resin, volume ratio between the inorganic 
laminar compound and resin, cros slinking agent for a 
hydrogen-bonding group, and heat treatment after the film 
formation were respectively changed to those shown in 

25 Table 3. 

The measurement results are shown in Table 3. As shown 
in the Table 3, all of the laminate films provided by these 
Examples had an excellent barrier property. 

30 EXAMPLE 25 

Zirconium ammonium carbonate (trade name: Zircosol 
AC7. mfd. by Dai-ichi Kigenso Kogyo KK.. an aqueous 
solution containing 15 wt % of the solute (calculated in 
terms of zirconium oxide), as a crosslinking agent for 

35 hydrogen-bonding group was added to the mixture solution 
comprising the Liquid A and Liquid B prepared in Example 
19 in an amount so as to provide a ratio of the zirconium 
element of one mole, with respect to 15 mole of the hy droxyl 
group of the polyvinyl alcohol. By use of the resultant 

40 mixture, a laminate film was prepared and die oxygen 
permeability thereof was measured in the same manner as in 
Example 19. except that the other constituents were changed 
to those as shown in Table 3 . 

The measurement results are shown in the above Table 3. 

45 As shown in the Table 3. the laminate film provided by this 
Example had an excellent barrier property. 

EXAMPLE 26 

Zirconium ammonium carbonate (trade name: Zircosol 

50 AC7. mfd. by Dai-ichi Kigenso Kogyo K.K. an aqueous 
solution containing 15 wt. % of the solute (calculated in 
terms of zirconium oxide), as a crosslinking agent for 
hydrogen -bonding group was added to the mixture solution 
comprising the Liquid A and Liquid B prepared in Example 

55 19 in an amount so as to provide a ratio of the zirconium 
element of one mole, with respect to 15 mole of the hydroxyl 
group of the polyvinyl alcohol. By use of the resultant 
mixture, a laminate film was prepared in the same manner as 
in Example 19, except that the other constituents were 

60 changed to those as shown in Table 3. Thereafter, the 
resultant laminate film was subjected to a heat treatment by 
means of a hot-air dryer at 140° C. for 10 min.. thereby to 
provide a laminate film. 

The oxygen permeability of the thus obtained laminate 

65 film was measured. As shown in the Table 3, the laminate 
film provided by this Example had an excellent barrier 
property. 
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EXAMPLE 27 

A oon-oriented polypropylene film (trade name: Pyren 
Fiim-CT» mfd. by Toyobo K.IC.. thickness 60 \im) was 
dry-laxoinated onto an inorganic ianiinar compoundcontain- 
ing layer (resin composition layer) side of the laminate film 
obtained in Example 19 in the same manner as in Example 
9, while using a urethanc-type adhesive (trade name: 
Yunoflex-J3. mfd. by Sanyo Kasei K.K-) in an amount of 3 
gi^m^ (solid content), thereby to provide a laminate film. The 
oxygen permeability of the thus obtained laminate film was 
then measured at 30** C. 60% RH. As a result, the oxygen 
permeability was below 0.1 cc/m^ day atm as shown in 
Table 3. and it was also found that the laminate film was 
excellent in the heat sealing prop>erty and transparency, as 
well as the gas barrier property. 

Comparative Example 9 

A laminate film was prepared in the same manner as in 
Example 19, except that the dispersion of the inorganic 
lanainar compound (Liquid A) used in Example 19 was not 
used, and a resin solution (Liquid B) obtained by dissolving 
a polyvinyl alcohol (trade name: PVA 117H, mfd. by 
Kuraray K.K., saponification degree=99.69b, degree of 
polymcrizalion=1700) in ion-exchange water so as to pro- 
vide a concentration of 2 wt. %. was used alone as a coating 
liquid. 

The oxygen permeability of the thus obtained laminate 
film was measured The measurement results are shown in 
Table 3. As shown in the Table 3, the above laminate film 
only had a poor gas barrier property. 

Comparative Exanq>le 10 

The oxygen pexmeabilities of some commercially avail- 
able metal- or oxide-vapor deposited films as shown in 
above Table 3 were measured. 

As shown in the Table 3* these films only had a poor gas 
barrier property. 

Comparative Example II 

Preparation of a laminate film was attempted in the same 
manner as in Example 19, except that the resin solution 
(Liquid B) used in Example 19 was not used, and the 
dispersion of the inorganic laminar compound (Liquid A) 
used in Example 19 was used alone as a coating liquid. As 
a result in this preparation procedure, the powder of the 
inorganic laminar compound (natural montmorillonite) was 
partially peeled ofi" from the laminate film, the resultant 
surface the laminate film showed noticeable scratches, and 
a good laminate film could not be obtained. 

The meanings of the abbreviation used in the above Table 

3. 

KOP: Biaxially oriented polypropylene film having a 
polyvinylidene chloride coating (trade name: Senesce KOP. 
nnfd. by Daicel K.IC, polyvinylidene chloride layer : about 
4 ^ra) 

KET: Biaxially oriented polyethylene terephthalatc fiUn 
having a polyvinylidene chloride coating (trade name: Sen- 
esee KFT. mfd. by Daicel K.K., polyvinylidene chloride 
layer : about 4 pm) 

F: Natural montmorillonite (trade name: Kunipia F, mfd. 
by Kunimine Kogyo Co.) 

H: Poljrvinyi alcohol (trade name: Poval 117H. mfd. by 
Kuraray K-K., degree of polymeriration=1700. saponifica- 
tion degree=99.6%, ) 
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Z: Aqueous solution of zirconium ammonium carbonate 
(trade name: Zircosol ACT?, mfd. by Dai-ichi Kigenso Kogyo 
K.K) 

A: Heat treating of a laminate film (after drying) at 140** 
5 C, for 10 min. 

FIGS. 12-17 respectively show powder X-ray diffraction 
peaks of an inorganic lanunar con:^>ound or resin cornposi- 
tion each having various values of the lattice spacing d. 

FIG. 12 is a graph showing X-ray diffraction peaks of a 
polyvinyl alcohol PVA-U7H/**Kunipia F"' composition used 
in the above Examples. FIG. 13 is a (montmorillonite) used 
in Examples. 

FIG. 14 (composition having a lattice spacing d=19.62 A 
i5 (pattern of the above FIG, 2). FIG. 15 (composition having 
a lattice spacing d=32.94 A, pattern of the above FIG. 2 or 
FIG. 3), FIG. 16 (composition having a lattice spacing 
d^44.13 A (composition having a pattern of the above FIG. 
3). and FIG. 17 (composition having a lattice spacing 
d^44.13 A. panern of the above FIG. 3) are graphs respec- 
tively showing powder X-ray diffraction peaks of resin 
compositions having various values of the lattice spacing d. 

INDUSTRIAL APPUCABILrrY 

^ As described hereinabove, according to the present 
invention, there is provided a laminate, laminate film or 
shaped article comprising: at least, a layer having a gas 
barrier property, and a resin composition layer containing an 
inorganic laminar compound having an aspect ratio of not 

^ less than 500 and not more than 5000. 

According to the present invention, there is obtained a gas 
barrier jffoperty at a high level which has never been 
achieved in the prior art, on the basis of the combination of 
the above-mentioned resin composition layer containing the 
inorganic laminar compound having a specific aspect ratio, 
and the gas barrier substance layer. 

In an embodiment of the present invention wherein an 
ethylene-vinyl alcohol copolymer (or polyvinylidene 

4Q chloride) is used as the gas barrier substance, as shown in the 
"Best Mode for carrying Out the invention'* and 
"Examples", the present invention easily provides a very 
low oxygen permeability which is lower than that in the 
prior art by one figure (digit) or two figures under a standard 

45 environment, while a layer of the ethylene-vinyl alcohol 
copolymer alone only shows an oxygen permeability at a 
level of about 1 cc/m^ day atm (in the case of a layer 
predominantly comprising polyvinylidene chloride alone, at 
a level of about 10 cc/m^-day-atm). As a result, the present 

5Q invention provides a barrier pr<^rty which is much higher 
than the barrier fffoperty of a material of a similar kind used 
in the prior art. 

According to the present invention, it is possible to 
remarkably suppress a decrease in the "barrier property at 

55 the time of folding*', which has been liable to occur when a 
metal or oxide film is laminated on a resin composition. 

The laminate, laminate film or shaped article according to 
the present invention may exhibits a barrier property at a 
level which is much higher than the barrier property of a 

60 material of a similar kind used in the prior art, and is even 
closer to that of metal or ceramic. On the basis of such a high 
barrier property', the laminate, laminate film or shaped article 
according to the present invention is also usable for a 
purpose in which a metal or inorganic material such as 

65 aluminum foil and glass is considered to be essential in the 
prior art. and is a material overthrowing the common knowl- 
edge on the conventional resin composition having a barrier 
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property. Of course, in consideration of the weak points such 
as opaqueness of a metal and brittleness of a ceramic 
material, the laminate, laminate film or shaped article 
according to the present invention coni^iising a resin com- 
position has characteristics better than those of the metal or 
ceramic material. 

On the basis of the above-mentioned characteristics, the 
laminate, laminate film or shaped article according to the 
{H^esent invention is usable as a packaging material. In the 
usage in food packaging, it is usable for a wide range of 
packaging, such as: "miso" (soybean p)aste), pickles, daily 
dish, baby food, "tsukudani'* (preserved food boiled down in 
soy sauce), "konnyaku" (paste made from devil 's-tongue). 
"chikuwa" (Japanese fish paste cooked in a bamboo-like 
shape), "kamaboko" (boiled fish paste), processed marine 
products, meat ball, hamburger steak, Genghis Khan-type 
meat (meat for cooking), ham, sausage, and other processed 
stock raising products, green tea, coffee, tea. dried bonito. 
**toraro-konbu" (sliced tangle), oily confectionery such as 
French fried potatoes and buttered peanuts, confectionery 
made from rice, biscuit, cookie, cake, "manjuu" (bun stuffed 
with sweetened bean paste), sponge cake, cheese, butter, cut 
rice cake, soup, source, Chinese noodles, etc. 

In addition, the laminate, laminate film or shaped article 
according to the present invention is suitably usable for a 
wide range purposes including industrial packaging such as: 
those in the fields of medical, electronics, chemical and 
mechanical; more specifically, packaging of feed for pets, 
agricultural chemicals and fertilizer, and package for trans- 
fusion; and semiconductor packaging, packaging of an oxi- 
dative agent (or an agent susceptible to oxidation), firecision 
material packaging, etc. 

Further, the laminate, laminate film or shaped article 
according to the present invention is suitably usable as a 
shaped article in the form of botQc, tray, etc, to be used for 
a squeezing-type bottle of mayonnaise, juice, soy sauce, 
edible oil, sauce, food tray for microwave oven, cups for 
yogurt, etc. 

The laminate, laminate film or shaped article according to 
the present invention may exhibit a good gas barrier proi>- 
erty in any form or shape of those as described hereinabove. 
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TABLE 2 



IKORGANIC 

BASE SUBSTANCE- OXYGEN 

MATERIAL CONTAINING LAYER PERMEABILmr 

(THICKNESS IVOLUME RATTO] (30* C. 60% RH) 

urn) (THICKNESS yan) cc/m' • d • atm 



10 



15 



20 



25 



EX. 10 
EX. 11 
EX. 12 
EX. 13 
EX. 14 
EX. 15 
EX. 16 
EX. 17 
COMP. 
EX. 6 
COMP. 
EX. 7 



EF-F (15) 
EF-F (15) 
EF.E(15) 
EF-E(15) 
EF-F (15) 
EF-F (15) 
EF-F (15) 
EF-F (15) 
EF-F (15) 

EF-F (15) 



NAmi3/7J (0.8) 
F/H[3n] (0.8) 
F/H(4/61 (0.8) 
F/H\VH] (0.8) 
F/H|L5/8| (0.9) 
F/Htl/8J (1.3) 
F/Hl2/8j (0.8) 2 
F/H| 1.5/8 K0.8) ZA 
H (0.8) 

NONE 



<D.l 
<0.1 
<D.l 
<D.l 
<D.l 
<0.I 
<0.1 
<D.l 
0.8 

1.0 



TABLE 3 




INORGANIC 




BASE 


SUBSTANCE- 


OXYGEN 


MATERIAL 


CONTAINING LAYER 


PERMEABILirY 


(THICKNESS 


rVOLUME RAnO) 


(30° C, 60% RH) 


MHO) 


(THICKNESS nm> 


cc/m' • d - atm 



EX. 19 
EX. 20 
EX. 21 
EX. 22 
30 EX. 23 
EX. 24 
EX. 25 
EX, 26 
COMP. 
EX. 9 
COMP. 
EX. 10 
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KOP (15) 
KOP (25) 
KOP (25) 
KOP (25) 
KOP (25) 
KOP (25) 
KET(15) 
KET(15) 
KOP (15) 

KOP (15) 



F/HI 3/71 (0.5) 
F/H[3/73 (0.5) 
F/H14/6) (0.5) 
F/H12^] (0.8) 
F/H| 1.5/81(0,8) 
F/H[l/8) (1.5) 
F/Hf2/8J (0.8) Z 
F/H[ 1.5/8] (0.8) ZA 
H (0.8) 

NONE 



<0.1 
<6.1 
<0.1 
<0.1 
<0.l 
<D.l 
<0.1 

<o.i 

3.0 



TABLE 1 






INORGANIC 






BASE 


SUBSTANCE- 


OXYGEN 




MAIERIAL 


CONTAININO LAYER 


PERMEABIUTY 




(THICKNESS 


(VOLUME RAnO] 


(30* C, 60% RH) 




MDO) 


(THICKNESS Mm) 


cc/m^ • d • atm 


EX. 1 


MOS (12) 


T/H[3n] (03) 


<D.l 


EX. 2 


VMPET (12) 


Fm[3n] (03) 


<0A 


EX. 3 


VMPET(12) 


F/H[4/6J (03) 


<0.1 


EX.4 


AL(12) 


F/H[2/8J (0.3) 


<0.1 


EX.5 


MOS (12) 


F/HI 1.5/81 (0-3) 


<0,1 


EX. 6 


MOS (12) 


F/Hll/81 (03) 


<0.1 


EX.7 


MOS (12) 


F/H(2/8) (0.8) Z 


<0.1 


EX. 8 


MOS (12) 


F/H[ 1.5/8] (0.8) ZA 


<0.1 


COMP. 


MOS (12) 


H(0.5) 


0.3 


EX. 1 






5.0 


COMP. 


MOS (12) 


NONE 


EX. 2 






6.2 


COMP. 


VMPET (12) 


NONE 


EX. 3 






0.9 


COMP, 


AL(12) 


NONE 


EX.4 









We claim: 

1. A laminate comprising: 

(a) a layer comprising a substance having a gas barrier 
property; and 

(b) at least one layer which is disposed on the layer (a) 
wherein said layer (b) comprises a resin composition 
comprising a lesio and an incffganic laminar compound 
having an aspect ratio of not less than 50 and not more 
than 5(X)0. said inorganic laminar compound being 
such that it is swollen or cleft in a solvent, said 
inorganic laminar compound being selected from the 
group consisting of a graphite, a phosphoric acid salt 
derivative compound, a chalcogen compound, a kaoUn- 
ite series clay mineral, an antigorite series day mineral, 
a smectite series day mineral, and a mica series clay 
mineral, said resin comprising one selected from the 
group consisting of polyvinyl alcohol (PVA). ethyl- 
enevinylalcdtiol copolymer (EVOH). poly aery lonitrile 
(PAN), polysaccharide, polyacrylic acid, and esters 
thereof. 

2. A laminate according to daim 1, wherein the layer (a) 
comprising the gas barrier substance is disposed on another 
resin layer underlying the layer (a) substance. 

3. A laminate according to claim 1. wherein the gas barrier 
^ substance comprises a metal or metal oxide. 

4. A laminate according to daim 1, wherein the layer 
comprising the gas barrier substance comprises a layer 
comprising an ethylene-vinyl alcohol copolymer as a main 
component. 

5. A laminate according to daim 1, wherein the layer 
comprising the gas barrier substance comprises a layer 
comprising a polyvinyl! dene chloride as a main component. 
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6. A laminate according to ciaim 1. wherein the inorganic 
iamijDar compound is an inorganic laminar compound hav- 
ing a particle size of 5 \im or smaller. 

7. A laminate according to claim 1, wherein the inorganic 
laminar compound comprises a clay mineral having a swell- 5 
ing property. 

S. A laminate according to claim L wherein the inorganic 
laminar compound is an inorganic laminar compound hav- 
ing an aspect ratio of 200 to 3000. 

9. A laminate according to claim 1. wherein the inorganic lo 
laminar compound and the resin constituting the resin com- 
position have a volume ratio (inorganic laminar conipound/ 
resin) in the range of (5/95) to (90/10). 

10. A laminate according to claim 1* wherein the resin 
constituting the resin composition is a highly hydrogen- 15 
bonding resin. 

11. A laminate according to claim 10. wherein the highly 
hydrogen-bonding resin is a resin such that the wt percent 
of a hydrogen-bonding group or ionic group per unit weight 

of the resin is not less than 30% and not more than 50%. 20 

12- A laminate according to ciaim 10, wherein the highly 
hydrogen-bonding resin is polyvinyl alcohol or polysaccha- 
ride. 

13. A laminate according to claim 10. wherein the resin 
composition further comprises a crosslinking agent for 25 
hydrogen-bonding group. 

14. A laminate according to claim 13« wherein the 
crosslinking agent for hydrogen-bonding group is a zirconia 
coit^>ound. 

15. A laminate according to claim 1, which has an oxygen 30 
permeability of not more than 0.2 cc/m^-day-atm under the 
conditions of 30° C. and 60% RH. 

16. A laminate according to claim 1« which has a shape in 
the form of a laminate film. 

17. A laminate film, comprising: a base material, and at 35 
least one layer disposed thereon comprising a laminate 
according to claim 1. 

18. A laminate film according to claim 17, which has an 
oxygen permeability of not more than 0.2 cc/m*-day'atm 
under the conditions of 30'' C. and 60% RH. 40 

19. A shaped article. con^Trising a laminate according to 
claim 1 as at least a portion thereof. 
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20. A shaped article according to claim 19. which has an 
oxygen permeability of not more than 02 cc/m**day'alra 
under the conditions of 30* C. and 60% RH. 

21. A laminate, comprising: 

at least one layer comprising a resin selected from biaxi- 
ally oriented polypropylene, biaxially oriented nylon 
and biaxially oriented polyethylene terephthalate; and 

at least one layer composing a laminate according to 
claim 1. 

22. A laminate according to claim 21. which has a shape 
in the form of a laminate film. 

23. A laminate according to claim 1. wherein the inorganic 
laminar compound is at least one selected from the group 
consisting of a graphite, a phosphoric acid salt derivative 
compound and a chalcogen compound. 

24. A laminate according to claim 23. wherein the inor- 
ganic laminate compound is a chalcogen compound repre- 
sented by the formula MXj. wherein M denotes an element 
selected from the group consisting of Group IV, Group V 
and Group VI. and X is S. Se. Te. 

25. A laminate according to claim 24, whCTein said 
chalcogen compound M is at least one member selected 
from the group consisting of Ti, Zr. Hf . V. Mb. Ta. Mo and 
W. 

26. A laminate according to claim 1, wherein the inorganic 
laminar conapound is at least one selected from the group 
consisting of a salt, a kaolinite series clay mineral, antigorite 
series clay mineral, smectite series clay mineral, and mica 
series clay minerals, said inorganic compound being at least 
one of (i) a clay having a two- layer structure, which com- 
prises a silica tetrahedral layer, and an octahedral layer 
disposed thereon and comprising a central metal; or a 
three-layer structure, which comprises an octahedral layer 
comprising a central metal, and a silica tetrahedral layer 
disposed on the both sides of the octahedral layer so as to 
sandwich the octahedral layer. 

27. A laminate according to claim 26. wherein the clay 
mineral comprises at least one selected from the group 
consisting of: kaolinite, dicfcite, nacrite. halloysite, 
antigorite. chrysotile, pyrophyllite. montmorillonite, 
hectorite. tetrasilylic mica, sodium taeniolite. muscovite, 
margarite. talc, phlogopite. xanthophyllite. and chlorite. 
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ABSTRACT 



The disclosed composition contains a biodegradable resin, 
and an inorganic laminar compound having an aspect ratio 
of not less than 50 and not more than 5000. A biodegradable 
film or shaped article includes, as al least a portion thereof, 
a layer (1) found from this biodegradable resin composition. 
The biodegradable resin composition, film or shaped article 
can exhibit a good gas barrier property while substantially 
retaining the desired biodegrad ability. Therefore, it can 
considerably contribute to the maintenance or protection of 
a terrestrial environment such as the disposal of trash or 
rubbish, or plastic wastes; and the reduction in the amount 
of wastes in landfills. 

10 Claims, 9 Drawing Sheets 
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BIO-DEGRADABLE RESIN COMPOSITION, 
FILM AND SHAPED ARTICLE 

This application claims benefit of international applica- 
tion PCT/JP95/00071, filed Jan. 24, 1995. 5 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to a resin composition 
having excellent biodegradability and excellent gas barrier 
properties, and a film or a shaped (or molded) article 
comprising such a resin composition. 

2. Background Art 

A film having a gas barrier property (gas barrier film) is ^_ 
a kind of functional film that has been widely used in the 
fields of food, medicine, agricultural chemicals, cosmetics, 
etc., wherein contents to be contained therein are stored or 
protected while the "quality" of the contents is liable to 
cause a problem. One of such important use of the film 
includes the field of "packaging**. 

Packaging includes making or putting an object into a 
package or wrap. The material for the packaging is desired 
to have a wide variety of functions. For example, packaging 
may serve various functions including providing mechanical 25 
protection, safety, sanitary protection, workability, adapt- 
ability to goods (transparency, printability, heat sealing 
property), utility, profitability, etc. Having a "gas barrier 
property" against various gases is important as it affects the 
storability of the packaged contents such as food. Along with 30 
recent diversification in the form of goods distribution, in 
packaging techniques, and an intensification of additive 
control, change in taste, etc., the gas barrier property has 
become increasingly more important. On the other hand, the 
gas barrier property has heretofore been a serious weak point 35 
of ordinary plastic materials. 

Factors which can deteriorate a food include oxygen, 
light, heat and/or moisture. Among these factors, oxygen has 
been considered to be a substance causing such deteriora- 
tion. A material having a gas barrier property (gas barrier 40 
material) is a material which has a main function of effec- 
tively intercepting oxygen. Such a gas barrier material 
exhibits the function of intercepting oxygen, and simulta- 
neously exhibits a fimction which is essential for various 
measures for controlling the deterioration of food (such as 45 
gas charging and vacuum packaging). The gas barrier mate- 
rial has been utilized very effectively in many fields such as 
food packaging inclusive of confectionery bags, bags for 
dried bonito, pouches for retorted foods, containers for 
carbonated drinks, etc., or packaging for cosmetics, agricul- 50 
tural chemicals, and medical use, on the basis of its barrier 
function to various kinds of gases such as oxygen, organic 
solvent vapors, aromas; or on the basis of its fimction of 
preventing corrosion, odor, sublimation, etc., based on the 
barrier function thereof, 55 

Among films comprised of a thermoplastic resin, those 
films comprising oriented polypropylene, polyester, 
polyamide, etc., particularly have excellent mechanical, heat 
resistance, and transparency properties, etc., and therefore 
these films are widely used as a packaging material. 60 
However, the barrier property against oxygen permeability 
is insufficient as the.se films have large gas permeability. 
Therefore, in a case where a film comprised of such a 
material is used for food packaging, the food in the package 
is liable to be deteriorated due to degradation based on 65 
oxidation, or the function of aerobic bacteria, etc. 
Accordingly, when a film of the above-mentioned material 
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such as polypropylene is used for food packaging, it is usual 
to adopt a method wherein another film (or layer) having an 
excellent oxygen barrier properly is laminated onto the film 
of the above-mentioned material. 

The following two methods are representative measures 
for forming such a film having a good barrier property to 
oxygen. One method involves using a metal foil lamination 
such as aluminum foil lamination. The other method 
involves vapor-depositing a metal onto a surface of a ther- 
moplastic resin film. In these methods, the excellent gas 
barrier property (particularly, a gas barrier permeability to 
oxygen) of the resultant metal foil has been effectively 
utilized. 

On the other hand, as a transparent plastic raw material 
having a small oxygen permeability, there have heretofore 
been known some films comprising a raw material such as 
polyvinyl alcohol, polyethylene-vinyl alcohol copolymer, 
and polyvinylidene chloride-type resin. However, these 
plastic materials have an oxygen permeability to a certain 
degree which is never negligible, while a metal or glass raw 
material to be used for canned foods or bottled foods only 
has a substantially no oxygen permeability. 

Methods involving dispersing an inorganic substance (in 
a fiat shape) in a resin are known techniques for imparting 
gas barrier properties or increasing the gas barrier property 
of a resin. For example, Japanese Laid-Open Patent Appli- 
cation (KOKAl) No. 148532/1987 (i.e., Sho 62-148532) 
describes a process for producing a film having a gas barrier 
property wherein a coating liquid composition comprising a 
transparent thermoplastic resin and mica in the form of 
flakes having a particle size of 500 um or smaller and an 
aspect ratio of 5 or larger, is applied onto a base material 
having a releasing property and then dried, and thereafter is 
peeled from the base material. 

In addition, Japanese Laid-Open Patent Application No. 
043554/1989 (i.e., Sho 64-043554) discloses a resin com- 
position for barrier layer wherein muscovite (KAI3 
(AlSi30io)(OH)2; non-swelling type mica) is used as mica 
in the form of flakes, the particle size is made smaller than 
325 mesh (44 ^fm), and the aspect ratio is in the range of 
20-140. Further, Japanese Laid-Open Patent Application 
No. 093542/1991 (i.e., Hei 03-093542) discloses a process 
for producing a plastic film having a barrier property 
wherein a coating composition comprising a silyl group- 
containing modified polyvinyl alcohol and .synthetic hec- 
torite (trade name: Laponite XLS, mfd. by Nihon Silica 
Kogyo Co.) in a wt. ratio of 50:50, is applied onto a biaxiaUy 
oriented polyethylene terephthalate (OPET), and then sub- 
jected to drying and heat treatment (130** C. to 150*" C). 

In general, the above-mentioned packaging material is 
used for a "disposable or throwaway" application. 
Therefore, it is important to impart a biodegradability to the 
packaging material, as some problems in the terrestrial 
environment have attracted more and more attention in 
recent years. 

However, at present, a material which has a high gas 
barrier property to an extent such that it is suitable for the 
preservation and/or protection of a content to be contained 
in the material, and also has a biodegradabihty to an extent 
such that it can contribute to the maintenance or protection 
of the terrestrial environment has not yet been on the market. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

An object of the present invention is to provide a resin 
composition, a film, or a shaped article which solves the 
above-mentioned problems. 
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A more specific object of the present invention is to 
provide a resin composition, a film, or a shaped article 
having both biodegradabihty as well as an oxygen -barrier 
properties at a good level. 

As a result of earnest study, the present inventors have 5 
found that a resin composition having an excellent biode- 
gradabihty as well as an excellent gas barrier property has 
been provided by constituting a resin composition while an 
inorganic laminar compound having a specific aspect ratio is 
combined with a biodegradable resin. As a result of further 
study, the present inventors have also found that the above- 
mentioned excellent biodegradability and gas barrier prop- 
erties are substantially retained, even when a biodegradable 
resin film or shaped article is constituted by incorporating 
thereinto at least a layer (or portion) comprising the above- 
mentioned specific resin composition. 

The biodegradable resin composition according to the 
present invention is based on the above discovery and 
comprises: a biodegradable resin; and an inorganic laminar 
compound having an aspect ratio of not less than 50 and not 
more than 5000. 

The present invention also provides a biodegradable resin 
film or shaped article comprising, as at least a layer (or 
portion) thereof, a biodegradable resin composition which 
comprises: a biodegradable resin; and an inorganic laminar 
compound having an aspect ratio of not less than 50 and not 
more than 5000. 
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FIG. 1 is a graph schematically showing a relationship 
between an X-ray diJfraction peak of an inorganic laminar 
compound and a "unit thickness a" of the compound. 

FIG. 2 is a graph schematically showing a relationship 
between an X-ray diffraction peak of a resin composition 35 
containing an inorganic laminar compound and a "lattice 
spacing (or distance between lattice planes) d" of the com- 
position. 

FIG. 3 is a graph schematically showing a relationship 
between an X-ray diffraction peak of a resin composition 40 

and a *iattice spacing d" of the composition, in a case where 
the peak corresponding to the lattice spacing d is superposed 
on halo (or background) and is difiBcult to be detected. In this 
Figure, the area obtained by subtracting a "base line'* portion 
from the peak area in the lower angle side below 2*9^ is 45 
treated as the peak corresponding to the "lattice spacing d". 

FIG. 4 is a schematic sectional view showing an embodi- 
ment of the biodegradable resin film according to the present 
invention. 

FIG. 5 is a schematic sectional view shov^ang another 
embodiment (laminate type) of the biodegradable resin film 
according to the present invention. 

FIG. 6 is a schematic sectional view showing a further 
embodiment (laminate type) of the biodegradable resin film 
according to the present invention. 

FIG. 7 (Table 1) is a table showing the structure of 
laminate films and the data of oxygen permeability, etc., 
obtained in Examples appearing hereinafter. 

FIG. 8 is a graph showing X-ray diffraction peaks of a 
composition comprising a polyvinyl alcohol PVA-117H and 
"Kunipia F" used in Examples. 

FIG. 9 is a graph showing X-ray diffraction peaks of 
"Kunipia F" (montmorillonite) used in Examples. 

FIG. 10 is a graph showing X-ray diffraction peaks of a 
composition having a lattice spacing d=19.62 angstrom 
(pattern of the above FIG. 2), 



FIG. 11 is a graph showing X-ray diffraction peaks of a 
composition having a lattice spacing d=32.94 angstrom 
(pattern including the above patterns of FIGS. 2 and 3). 

FIG. 12 is a graph showing X-ray diffraction peaks of a 
composition having a lattice spacing d ^44.13 angstrom 
(pattern of the above FIG. 3). 

FIG. 13 is a graph showing X-ray diffraction peaks of a 
composition having a lattice spacing d^44,13 angstrom 
(pattern of the above FIG. 3). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is now described with reference to 
the accompanying drawings, as appropriate. 

A resin which is biodegradable (or bio-disintegrable) can 
be used, without particular limitation, as the biodegradable 
resin composition in the present composition. The expres- 
sions "biodegradable" or "biodisintegrable resin" as used 
herein refers to a resin having such a property that it is 
capable of being degraded (or broken-down) or disintegrated 
under the action of a microorganism. 

The biodegradable resin composition, film and shaped 
article according to the present invention may preferably 
have a biodegradability which is equal to or comparable to 
a representative commercially available biodegradable 
resin, "Biopol" (trade name; poly-3-hydroxybutyrate, mfd. 
by ICI, United Kingdom). 

More specifically, e.g., when a biodegradable resin com- 
position is formed into a film shape having a thickness of 
about 150 /tm and then subjected to the following biode- 
gradability test", a sample comprising the biodegradable 
resin composition according to the present invention may 
preferably have a residual area ratio S satisfying a relation- 
ship of ^0 S<90. Herein, "B" denotes the residual area ratio 
of the above-mentioned "Biopol" (poly-3-hydroxybutyrate) 
as a comparative sample, and "S" denotes the residual area 
ratio of a sample comprising the biodegradable resin com- 
position according to the present invention. Further, a 
sample comprising the biodegradable resin composition 
according to the present invention may preferably have a 
"relative" residual area ratio (%) of 130% or less (more 
preferably, 100% or less, particularly preferably, 80% or 
less), provided that the "relative" residual area ratio (%)= 
(S/B)xl00. The "residual area ratio"=(base area of film after 
the degradation test)/(base area of film before the degrada- 
tion test)xl00. 
Biodegradability Test 

There is provided a "Poly -Cup" (a wide -mouthed bottle- 
type container made of polyethylene) having a capacity of 
1000 mL, with four openings (each of 1 cm square) provided 
to the bottom thereof so that the resultant four openings are 
arranged in a square-like configuration with a distance 
therebetween of about 15 mm counted from each other. Into 
the Poly-Cup, there is charged about 500 mL of culture soil 
(trade name: "Kumiai-Taihei Horticultural Soil", mfd. by 
Taihei Bussan Co.) containing 0.35 g/1 kg (per culture soil) 
of nitrogen, 1.5 g/1 kg of phosphoric acid, and 0.35 g/1 kg of 
potassium, and having a pH of 6.0-5.5. Onto the surface of 
the thus charged culture soil, three pieces of sample films 
(wherein two pieces of the sample films comprise a resin 
composition to be evaluated, and the other one piece of the 
sample film comprises the above-mentioned "Biopol" as a 
standard sample) having a film thickness of about 150 /tm, 
65 and a base area of about 28.4 cm^ are disposed so that the 
three sample films are not overlapped to each other. The thus 
disposed films are further covered with the above-mentioned 
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culture soil so that the above-mentioned 1000 mL Poly-Cup 
is filled up with the soil. 

The resultant Poly- Cup is placed on a predetermined 
open-air ground (average temperature: about 25 ° C.) and is 
left standing with the elapse of lime, while providing water 5 
in an amount of about 200 mL per one Poly-Cup with a 
frequency of once per three days so as to always maintain 
the culture soil contained in the Poly-Cup in a wet state. In 
the states of the films after a period of two months counted 
from the beginning of the test, the appearances and residual lO 
area (ratios) of the above three films are observed. 

As the above biodegradable resin, it is preferred to use a 
biopolymer which is capable of being synthesized in a living 
organism (and a chemically modified product thereof), or a 
synthetic biodegradable polymer. More specific examples of 15 
such a polymer may include: for example, cellulose; cellu- 
lose derivatives such as hydroxymethyl cellulose, hydroxy- 
ethyl cellulose, carboxymethyl cellulose; polysaccharides 
and chemically modified product thereof such as amylose, 
araylopectin, pullulan, curdlan xanthan, chitin, and chitosan; 20 
polyesters producible by microorganisms such as poly-3- 
hydroxybutyrate, and 3-hydroxybuiyrate-3-hydroxyvalerate 
copolymer; and enzymatically degradable synthetic 
polymers, such as biodegradable aliphatic polyesters, poly- 
vinyl alcohol, and polyethylene glycol. 25 
Highly-hydrogen-bonding Resin 

The biodegradable resin usable in the present invention 
may preferably be a highly hydrogen-bonding resin, in view 
of the gas barrier property thereof. The "highly hydrogen- 
bonding resin" may preferably be a resin having a weight 30 
percent (percent by weight) of a hydrogen -bonding group (in 
a case where the resin contains two or more of the hydrogen- 
bonding groups, total of these groups) per unit weight of the 
resin, which is 10% or more, more preferably about 
20%-60%. 35 

The "hydrogen-bonding group" used herein refers to a 
group having at least one hydrogen atom directly bonded to 
a hetero atom (i.e., atom other than carbon). Specific 
examples of the hydrogen-bonding group may include: 
hydroxyl group (inclusive of carboxyl group), amino group, 40 
thiol group, amide group, etc. 

The content of the hydrogen-bonding group or ionic 
group may preferably be measured, e.g., by utilizing a 
technique of nuclear magnetic resonance (NMR), such as 
^H-NMR and ^^C-NMR. 45 

The highly hydrogen -bonding resin useful in the present 
invention is not particularly limited, as long as it has a highly 
hydrogen-bonding property as described above. Preferred 
examples of the highly hydrogen-bonding resin may 
include: polyvinyl alcohol, polysaccharide, derivatives of 50 
these resins, etc. In the case of an ideal polyvinyl alcohol, 
i.e.. — (CH^CHOH),, — , the weight percent of the OH group 
as the above-mentioned hydrogen-bonding group is (17/ 
44)xl00=about 39%. 

In the present invention, the "polyvinyl alcohol" refers to 55 
a polymer predominantly comprising a monomer unit of 
vinyl alcohol. Specific examples of such a "poljrvinyl alco- 
hol" may include: a polymer (exactly, a copolymer of vinyl 
alcohol and vinyl acetate) obtained by subjecting the acetic 
acid portion of a vinyl acetate polymer to hydrolysis or ester 60 
interchange (saponification), and polymers obtained by 
saponifying a polymer such as vinyl trifluoroacetate 
polymer, vinyl formate polymer, vinyl pivalate polymer, 
t-butyl vinyl ether polymer, and trimethylsilyl vinyl ether 
polymer. A person skilled in the art can refer to a book 65 
entitled "PVAno Sekai (World of PVA)" edited by POVAL- 
KAI (POVAL Society), (1992), published by KOBUNSI 
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KANKO-KAI (Polymer Pubhshing Society) K. K.; and a 
book entitled "Poval" written by Nagano el al. (1981), 
pubhshed by KOBUNSI KANKO-KAI for details about the 
polyvinyl alcohol. 

The degree of the "saponification" in the polyvinyl alco- 
hol may preferably be not less than 70%, more preferably, 
not less than 85%, in terms of mole percentage. The degree 
of polymerization of the polyvinyl alcohol may preferably 
be not less than lOO and not more than 5000 (more 
preferably, not less than 200 and not more than 3000). 

On the other hand, "polysaccharide and derivatives 
thereof usable in the present invention may also include 
biopolymers which are synthesized in a living organism on 
the basis of condensation polymerization, and those 
obtained by chemically modifying these biopolymers. Spe- 
cific examples of the "polysaccharide and derivatives 
thereof" may include: cellulose, cellulose derivatives such 
as hydroxymethyl cellulose, hydroxyethyl cellulose, and 
carboxymethyl cellulose; amylose, amylopectin, pullulan, 
curdlan, xanthan, chitin, chitosan, etc. 
Inorganic Laminar Compound 

The "layered compound" refers to a compound or sub- 
stance having a layer structure. The "layer structure" is a 
structure wherein planes, each of which comprises atoms 
strongly bonded to each other on the basis of covalent bonds, 
etc., so as to form close packing, are stacked substantially 
parallel to each other on the basis of weak bonding power 
such as Van der Waals force. 

The "inorganic laminar compound" usable in the present 
invention is not particularly limited, as long as the "aspect 
ratio" thereof measured by a method described hereinafter is 
not less than 50 and not more than 5000. In view of the gas 
barrier property, the aspect ratio may preferably be not less 
than 100 (particularly, not less than 200). 

When the above aspect ratio is less than 50, the exhibition 
of the gas barrier property becomes insufficient. On the other 
hard, it is technically difGcult to obtain an inorganic laminar 
compound having an aspect ratio exceeding 5000, and 
further such a compound is costly or expensive from an 
economic viewpoint. The ease in production of an inorganic 
laminar compound, the aspect ratio may preferably be not 
more than 2000 (more preferably, not more than 1500). In 
view of the balance between the gas barrier property and the 
ease of its production, the aspect ratio may preferably be in 
the range of 200-3000. 

In view of the film forming property or formability in the 
form of a film or shaped article, the "particle size" measured 
by a method therefor described hereinafter may preferably 
be not more than 5 jLim. When the particle size exceeds 5 /£m, 
the film forming property or formability of a resin compo- 
sition tends to be decreased. In view of the transparency of 
a resin composition, the particle size may more preferably be 
not more than 3 //m. In a case where the resin composition 
according to the present invention is used for a purpose (e.g., 
purpose of food packaging) wherein the transparency is 
important, the particle size may particularly preferably be 
not more than 1 jLim, 

In view of the effect thereof on an ecological 
environment, the inorganic laminar compound to be used in 
the present invention may preferably be one which is 
non-poisonous or substantially non-poisonous in an ecologi- 
cal system. Specific examples of such an inorganic laminar 
compound may include: e.g., phosphoric acid salt-type 
derivative compounds (such as zirconium phosphate-type 
compound), clay-type minerals, etc. 

In view of the ease in obtaining a very large aspect ratio 
(an aspect ratio of about 200 or more), it is preferred to use 
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an inorganic laminar compound having a properly such that 
it is swollen or cleft in a solvent. 

The degree of the "swelling or cleavage" of the inorganic 
laminar compound to be used in the present invention in a 
solvent may be evaluated by a "swelling or cleavage" test. 
The inorganic laminar compound may preferably have a 
swelling property of not less than about 5 (more preferably, 
not less than about 20) according to the following swelling 
test. On the other hand, the inorganic laminar compound 
may preferably have a cleavage property of not less than 
about 5 (more preferably, not less than about 20) according 
to the following cleavage test. In these cases, a solvent 
having a lower density than the density of the inorganic 
laminar compound is used. When the inorganic laminar 
compound is a natural clay mineral having a swelling 
property, it is preferred to use water as the above solvent. 

Various methodologies for testing the properties of the 
laminar compound are described hereinbelow. 
Swelling Property Test 

2 g of an inorganic laminar compound is slowly added to 
100 mL of a solvent, while 100 mL-graduated cylinder is 
used as a container. The resultant mixture is left standing, 
and thereafter the volume of the former (the dispersion layer 
of the inorganic laminar compound) is read from the gradu- 
ation corresponding to the interface between the dispersion 
layer of the inorganic laminar compound and the supernatant 
after 24 hours at 23** C. When the resultant value is larger, 
the swelling property is higher 
Cleavage Property Test 

30 g of an inorganic laminar compound is slowly added 
to 1500 mL of a solvent, and is dispersed by means of a 
dispersion machine (DESPER MH-L, mfd. by Asada Tekko 
K. K., vane diameter=52 mm, rotating speed=3100 rpm, 
container capacity=3 L, distance between the bottom face 
and the vane=s28 mm) for 90 minutes at a peripheral speed 
of 8.5 m/sec (23° C). Thereafter, 100 mL of the resultant 
dispersion liquid is taken out and placed into a graduated 
cylinder, and then is left standing for 60 minutes. Then, the 
volume of the dispersion layer of the inorganic laminar 
compound is read from the graduation corresponding to the 
interface between the dispersion layer of the inorganic 
laminar compound and the supernatant. 

As the inorganic laminar compound capable of being 
swollen or cleft in a solvent, it is particularly preferred to use 
a clay mineral having a swelling or cleaving property. The 
clay minerals may be classified into two types, i.e., one type 
having a two-layer structure, which comprises a silica tet- 
rahedral layer, and an octahedral layer disposed thereon and 
comprising a central metal such as aluminum and magne 
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a value (L) which may be determined in a solvent by a 
dynamic light scattering method (photon correlation 
spectroscopy) as described hereinafter is used as the "par- 
ticle size" of the inorganic laminar compound. The 
"dynamic light scattering method" used herein is a particle 
size- measuring method utilizing a scattering phenomenon of 
laser light, wherein scattering light from particles conduct- 
ing Brownian movement, i.e., scattering light with fluctua- 
tion depending on the moving velocity or particle size (grain 
size) of these particles, is detected, and an information on the 
particle size is obtained by calculation. 

According to the present inventors' knowledge, the par- 
ticle size of the inorganic laminar compound contained in a 
resin may be approximated by the above mentioned "particle 
size in a solvent" obtained by the dynamic light scattering 
method. For example, in a case where an inorganic laminar 
compound which has sufficiently been swollen with a sol- 
vent (which is the same kind of the solvent used in the 
dynamic light scattering method) is combined with a resin, 
the particle size of the inorganic laminar compound con- 
tained in the resin may sufificiently be approximated by the 
"particle size in a solvent" obtained by the dynamic light 
scattering method. 
Aspect Ratio 

In the present invention, the aspect ratio (Z) of the 
inorganic laminar compound is a ratio which may be deter- 
mined on the basis of a relationship of Z=L/a. In this 
relationship, L is the particle size of an inorganic laminar 
compound determined by the dynamic light scattering 
method in a solvent, and a is the "unit thickness" of the 
inorganic laminar compound. The "unit thickness a" is a 
value which is determined on the basis of the measurement 
of the inorganic laminar compound alone, by a powder 
X-ray diffraction method, etc., as described hereinafter. 
More specifically, as schematically shown in the graph of 
FIG. 1 wherein the abscissa denotes 2* 6, and the ordinate 
denotes the intensity of X-ray diffraction peaks, the "unit 
thickness a" is a spacing obtained from the Bragg's equation 
(n»K«2»D»sin 0, n=l, 2, 3 . . . ), wherein 6 denotes the angle 
corresponding to the peak having the lowermost angle 
among those of the observed diffraction peaks. A person 
skilled in the art can refer to a book entided "Kiki-Bimseki 
no Tebiki (Handbook on Instrumental Analysis) (a)", page 
69, (1985), editorially supervised by Jiro SHIOKAWA, 
published by KAGAKU DOJIN K. K. for the details of the 
powder X-ray diffraction method. 

In correspondence to the above relationship of Z^L/a 
based on the measurement of the inorganic laminar com- 
pound alone, when the resin composition according to the 
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comprises an octahedral layer comprising a central metal 
such as aluminum and magnesium, and a silica tetrahedral 
layer disposed on both sides of the octahedral layer so as to 
sandwich the octahedral layer. 

Specific examples of .the former two-layer type may 
include: kaolinite series, antigorite series, etc. Specific 
examples of the latter three-layer type may include: smectite 
series, vermiculite series, mica series, etc., depending on an 
interlayer cation contained therein. 

More specific examples of the clay mineral may include: 
kaolinite, dickite, nacrite, halloysile, antigorite, chrysotile, 
pyrophyllite, montmorilloniie, hectorile, tetrasilylic mica, 
sodium taeniolite, muscovite, mercallite or margarosanite, 
talc, vermiculite, phlogopite, xanthophyllite, chlorite, etc. 
Particle Size 

In view of difficulty, etc., in the measurement of the (true) 
particle size in a resin composition, in the present invention. 
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tion method, the lattice spacing d of the inorganic laminar 
compound contained in the resin composition may usually 
be obtained. 

More specifically, as schematically shown in the graph of 
FIG. 2 wherein the abscissa denotes 2»0, and the ordinate 
denotes the intensity of X-ray diffraction peaks, the "lattice 
spacing d" (a<d) is a spacing corresponding to the peak 
having the lowermost angle among the observed diffraction 
peaks appearing on the lower angle (larger spacing) side as 
compared with the position of the diffraction peak corre- 
sponding to the above-mentioned "unit thickness a". In a 
case where the above peak corresponding to the "lattice 
spacing d" is superposed on a halo (or background) as 
schematically shown in the graph of FIG. 3 so that it is 
difficult to detect such a peak, the area of a portion obtained 
by subtracting the base line portion from a portion corre- 
sponding to an angle lower than 2^B^, is treated as a peak 
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corresponding to the "lattice spacing d". The 0^ used herein 
is an angle of diffraction corresponding to "(unit length 
a+(width of one resin chain)". A person skilled in the art can 
refer to a book entitled "Nendo no Jiten (Encyclopedia of 
Clay)", page 35 et seq. and page 271 et seq., (1985), edited 5 
by Shuici IWAO et al., published by ASAKURA SHOTEN 
K. K. for the details of a method for determining "the lattice 
spacing d." 

The integrated intensity of the diffraction peak 
(corresponding to the "lattice spacing d") observed in the 10 
powder X-ray diffraction of a resin composition may pref- 
erably have a relative ratio of not less than 2 (more 
preferably, not less than 10), with respect to the integrated 
intensity of the diffraction peak as a standard (corresponding 
to the "lattice spacing a"). 15 

In general, the difference between the above lattice spac- 
ing d and the "unit thickness a", namely, the value of 
k=(d-a) (when converted into "length") may be equal to, or 
larger than the width of one resin chain constituting the resin 
composition (k=(d-a)^(width of one resin chain) ). The 20 
"width of one resin chain" may be determined by simulation 
calculation, etc. (as described in, e.g., a book entitled 
"KOBUNSHI KAGAKU JORON (Introduction to Polymer 
Chemistry)", pages 103-110 (1981), published by 
KAGAKU DOJIN K. K.). In the case of polyvinyl alcohol, 25 
this width is 4-5 A (angstrom), and in the case of water 
molecules, this width is 2-3 A. 

It is considered that the above-mentioned aspect ratio 
Z=Lya is not always equal to "true aspect ratio" of the 
inorganic laminar compound in the resin composition, 30 
However, it is reasonable to approximate the "true aspect 
ratio" by the aspect ratio Z, for the foUovsdng reason. 

It is extremely difficult to directly measure the "true 
aspect ratio" of the inorganic laminar compound contained 
in a resin composition. On the other hand, in a case where 35 
there is a relationship of a<d between the lattice spacing d 
determined by the powder X-ray diffraction method for the 
resin composition, and the "unit thickness a" determined by 
the powder X-ray diffraction method for the inorganic 
laminar compound alone; and the value of (d-a) is not 40 
smaller than the width of one resin chain in the resin 
composition, it is assumed that the resin is inserted between 
layers of the inorganic laminar compound. Accordingly, it is 
sufficiently reasonable to approximate the thickness of the 
inorganic laminar compound in the resin composition by the 45 
above-mentioned "unit thickness a", i.e., to approximate the 
"true aspect ratio" in the resin composition by the above- 
mentioned "aspect ratio Z" of the inorganic laminar com- 
pound alone. 

As mentioned above, it is extremely difficult to measure so 
the true particle size in the resin composition. However, it 
may be considered that the particle size of the inorganic 
laminar compound in the resin is quite near to the particle 
size in a solvent, when the inorganic laminar compound, 
which has been fully swollen with a solvent of the same kind 55 
as that of the solvent used in the dynamic light scattering 
method, is combined with a resin to provide a resin com- 
position. 

However, it is hardly considered that the particle size L 
determined by the dynamic light scattering method exceeds 60 
the major axis length L,„„,^ of the inorganic laminar 
compound, and therefore the possibility that true aspect ratio 
(L„„j/a) is smaller than the "aspect ratio Z" used in the 
present invention (i.e., the possibility of L„,^a<Z), is theo- 
retically very small. 65 

In consideration of the above-mentioned two viewpoints, 
it is considered that the definition of the aspect ratio Z used 



in the present invention is sufficiently reasonable. Thus, in 
the present specification, the "aspect ratio" or "panicle size" 
means the "aspect ratio Z" as defined above, or ''particle size 
L" determined by the dynamic light scattering method. 
Solvent 

In the present invention, the solvent for swelling the 
inorganic laminar compound is not particularly limited, as 
long as it is usable in the production of the resin composi- 
tion. For example, when a natural clay mineral having a 
swelling property is u.sed as an inorganic laminar compound, 
specific examples of the solvent may include: water, alco- 
hols such as methanol; polar solvent such as 
dimethylformamide, dimethyl sulfoxide, and acetone; or 
mixtiu^es comprising two or more species selected from 
these solvents. It is preferred to use water or an alcohol such 
as methanol having a relatively low boiling point, in view of 
the ease in its removal after film formation or shaping of the 
resin composition. 

Crosslinking Agent for Hydrogen-Bonding Group 

In the present invention, in a case where a highly 
hydrogen-bonding resin is used as the biodegradable resin, 
a crosslinking agent for a hydrogen -bonding group may be 
used as desired, for the purpose of improving the water 
resistance (or barrier property after water-resistance envi- 
ronmental test) of the highly hydrogen-bonding resin. 

The crosslinking agent for the hydrogen-bonding group 
usable in the present invention is not particularly limited. 
Preferred examples of the crosslinking agent may include: 
titanium-type coupling agent, silane-type coupling agent, 
melamine-type coupling agent, epoxy-type coupling agent, 
isocyanate-type coupling agent, copper compound, zirconia 
compound, etc. In view of the water resistance, a zirconia 
compound may particularly preferably be used. 

Specific examples of the zirconia compound may include: 
halogenated zirconium such as zirconium oxychloride, 
hydroxy zirconium chloride, zirconium tetrachloride, and 
zirconium bromide; zirconium salts of mineral acid such as 
zirconium sulfate, basic zirconium sulfate, and zirconium 
nitrate; zirconium salts of organic acid such as zirconium 
formate, zirconium acetate, zirconium propionate, zirco- 
nium caprylate, and zirconium stearate; zirconium complex 
salts such as zirconium ammonium carbonate, zirconium 
sodium sulfate, zirconium ammonium acetate, zirconium 
sodium oxalate, zirconium sodium citrate, zirconium ammo- 
nium citrate; etc. 

The amount of the addition of the crosslinking agent for 
a hydrogen-bonding group is not particularly limited, but the 
crosslinking agent may preferably be used so as to provide 
a ratio (K=CN/HN), i.e., ratio of the mole (CN) of the 
crosslinking-providing group of the crosslinking agent, to 
the mole (HN) of the hydrogen-bonding group of the highly 
hydrogen-bonding resin, which is not less than 0.001 and not 
more than 10. The above molar ratio K may more preferably 
be in the range of not less than 0.01 and not more than 1. 
Transparency 

A film or shaped article comprising the resin composition 
according to the present invention may preferably have a 
transparency, in view of advantage in a case where it is used 
for a purpose such as packaging. The transparency may 
preferably have a degree of not less than 80% (more 
preferably, not less than 85%) in terms of transmittance of 
whole light at a wavelength of 500 nm. For example, such 
a transparency may preferably be measured by means of a 
commercially available spectrophotometer (Automatic 
Recording Spectrophotometer Model-330, mfd. by Hitachi 
Seisakusho K, K,). 
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Oxygen Permeability 

The resin composition, film or shaped article according to 
the present invention has a gas barrier property. The gas 
barrier property may preferably be not more than 0.5 
cc/m^»dayatm, more preferably, not more than 0.2 
cc/m^*dayatm (particularly preferably, not more than 0.15 
cc/m^»dayatm), in terms of an oxygen permeability under 
the conditions of 30** C. and 60% RH (relative humidity). 
Resin Composition 

The method of formulating or producing the above com- 
position comprising an inorganic laminar compound and a 
biodegradable resin is not particularly limited. In view of the 
homogeneity or ease in handling at the time of the 
formulation, it is possible to employ various methods. A first 
method involves obtaining a solution by dissolving resin, 
and obtaining a dispersion by preliminarily swelling or 
cleaving an inorganic laminar compound, and mixing these 
together, and thereafter removing the solvent. A second 
method involves adding a dispersion obtained by swelling or 
cleaving an inorganic laminar compound to a resin, and 
thereafter removing the solvent. A third method involves 
adding an inorganic laminar compound to a solution 
obtained by dissolving a resin and obtaining a dispersion in 
which the inorganic laminar compound is swollen or cleft, 
and thereafter removing the solvent. A fourth method 
involves kneading an inorganic laminar compound and a 
resin under heating, among other methods. The first, second 
and third methods are preferred in view of the ease of 
obtaining a large aspect ratio of the inorganic laminar 
compound. 

In view of the improvement in the water resistance 
(barrier property after the water-resistance environmental 
test), it is preferred in the aforementioned first and second 
methods that the solvent is removed from the system and 
thereafter a thermal aging treatment is conducted at a 
temperature of not less than 110** C. and not more than 220** 
C. (more preferably, a temperature of not less than 130® C. 
and not more than 210** C). The aging period of time is not 
particularly limited. In consideration of the necessity for a 
film temperature to reach at least a set temperature, for 
example, it is preferred to adopt an aging time of not less 
than 1 sec. and not more than 100 min. (more preferably, 
about 3 sec. to 10 min.) in the case of a drying method using 
a healing medium-contact type dryer such as hot-air dryer, 
in view of a balance between the water resistance and 
productivity. 

The heat source to be used in the above aging treatment 
is not particularly limited. For example, it is possible to 
apply any of various methods such as those utilizing heat roll 
contact, heat medium contact (air, oil, etc.), infrared heating, 
and microwave heating. 

The effect of improving the water resistance may remark- 
ably be enhanced in a case where the biodegradable resin is 
a highly hydrogen-bonding resin, and/or the inorganic lami- 
nar compound is a clay mineral having a swelling property. 

With respect to the composition ratio (volume ratio) 
between the inorganic laminar compound and the biode- 
gradable re-sin used in the present invention, the volume ratio 
of inorganic laminar compound/biodegradable resin (ratio at 
the time of "Shikomi" (mixing for preparation)) may pref- 
erably be in the range of 5/95 to 90/10, more preferably in 
the range of 5/95 to 50/50 (particularly preferably, in the 
range of 10/90 to 30/70). A volume ratio in the range of 5/95 
to 30/70 is advantageous because of the improved flexibility 
of the film or shaped article. In addition, a volume ratio in 
the range of 7/93 to 17/83 is advantageous because a 
decrease in the barrier property due to the folding is 
suppressed, and because of an increase in the peeling 
strength, etc. 
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Such a volume ratio may be determined by dividing 
respectively the numerator value (weight of the inorganic 
laminar compound) jand the denominator value (weight of . 
the biodegradable resin) constituting the weight ratio at the 
5 time of the "mixing for preparation" of these components, 
by respective densities. In general, there are situations in 
which the density of a biodegradable resin (e.g., polyvinyl 
alcohol) is somewhat different depending on the crystallinity 
thereof. However, it still is possible to calculate the volume 
10 ratio while assuming the crystallinity of the biodegradable 
resin to be 50%. 

When the above volume ratio (volume fraction) of the 
above inorganic laminar compound/biodegradable resin is 
below 5/95, the barrier property is liable to be insufficient. 
15 On the other hand, when the above volume ratio exceeds . 
90/10, the resultant film forming property or formability is 
liable to be insufficient. 

The method of formulating or producing the above com- 
position comprising an inorganic laminar compound and a 
20 biodegradable highly hydrogen-bonding resin is not particu- 
larly limited. It is possible to use any of the following 
methods to produce or formulate the above composition. A 
first method involves dissolving a biodegradable and highly 
hydrogen-bonding resin, and obtaining a dispersion by pre- 
25 liminarily swelling or cleaving an inorganic laminar 
compound, mixing the foregoing with one other, and there- 
after removing the solvent. A further method involves 
obtaining a dispersion by swelling or cleaving an inorganic 
laminar compound, adding it to a biodegradable and highly 
30 hydrogen-bonding resin, and thereafter removing the sol- 
vent. Yet another method involves kneading an inorganic 
laminar compound and a biodegradable and highly 
hydrogen-bonding resin together under heating conditions, 
among other methods. In view of easiness in the provision 
35 of a large aspect ratio of the inorganic laminar compound, it 
is preferred to adopt the former two methods. 
Laminate Structure 

The laminate structure or shaped structure of a resin 
composition according to the present invention is not par- 
40 ticularly limited, as long as it comprises, as at least a portion 
(or layer) thereof, a biodegradable resin composition com- 
prising a biodegradable resin and an inorganic laminar 
compound having an aspect ratio of not less than 50 and not 
more than 5000. More specifically, the resin composition 
45 according to the present invention may be shaped into any 
of various forms such as film, sheet, and container. However, 
in view of surer provision of the biodegradability of the 
entirety, it is preferred that a base material (i.e., the portion 
other than the portion or layer comprising the resin compo- 
se sition according to the present invention) in an embodiment 
wherein the resin composition according to the present 
invention is formed into a laminate-like shape, may also 
comprise a biodegradable material such as biodegradable 
resin, paper, and woody material. 
55 FIG. 4 is a schematic sectional view showing an embodi- 
ment of the biodegradable resin film according to the present 
invention. Referring to FIG. 4, the biodegradable resin film 
in this embodiment comprises a layer 1 of a biodegradable, 
resin composition containing an inorganic laminar com- 
60 pound. 

The biodegradable resin film according to the present 
invention may also have a laminate structure as shown in the 
schematic sectional views of FIG. 5 or 6. The biodegradable 
resin film in the embodiment of FIG. 5 comprises a base 
65 material layer 2 comprising a biodegradable resin, and a 
layer 1 of a biodegradable resin composition disposed 
thereon containing an inorganic laminar compound. On the 
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Other hand, the biodegradable resin film in the embodiment 
of FIG. 6 comprises a base material layer 2 comprising a 
biodegradable resin, a layer 1 of a biodegradable resin 
composition disposed thereon containing an inorganic lami- 
nar compound, and further a biodegradable resin layer 2a 5 
disposed on the biodegradable resin layer 1. 

The method of laminating the above-mentioned resin 
composition according to the present invention on a base 
material is not particularly limited, but it is preferred to use, 
e.g., a coating method wherein a coating liquid is applied 
onto a film as a base material, and then dried and heat- 
treated. Specific examples of such a coating method may 
include: gravure methods such as direct gravure method, 
reverse gravure method and micro-gravure method; roll 
coating methods such as twin-roll bead coating method, and 
bottom-feed triple reverse coating method; doctor knife 
method, die coating method, dip coating method, bar coating 
method, and coating method conabining these coating meth- 
ods. 

The thickness of a coating film (i.e., the thickness of a 
layer comprising a resin composition according to the 
present invention) may vary somewhat depending on the 
kind of a base material to be combined therewith, or an 
intended barrier performance, etc., but the thickness may 
preferably be not more than 10 /em in terms of the thickness 
after drying. In a case where a higher transparency is 
demanded, the thickness may preferably be not more than 2 
/im (more preferably, not more than 1 /^m) in terms of 
thickness after drying. The thickness of the coating film does 
not have a particular lower limit. In view of the provision of 
a sufficient gas barrier property, the thickness may prefer- 
ably be 1 nm or, larger, more preferably 10 nm or larger 
(particularly preferably, 100 nm or larger). 

In addition, it is possible to mix with or add to the resin 
composition, film or shaped article according to the present 
invention as desired, any of various additives such as 
ultraviolet light absorbing agent, colorant, and antioxidant, 
within a range wherein the effect of the present invention is 
not substantially impaired. Further, it is of course possible to 
use an adhesive or printing ink, as desired, e.g., at the time 
of laminating operation. 

Hereinbelow, the present invention will be described in 
detail with reference to Examples, by which the present 
invention should not be limited. 
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The methods of measuring various physical properties 
used in the present specification are described below. 
Biodegr ad ability Test 

There was provided a "Poly-Cup" having a capacity of 
1000 mL, and four openings (each of 1 cm square) were 50 
provided to the bottom thereof so that the resultant four 
openings were arranged in a square-like configuration with 
a distance therebetween of about 15 mm from each other. 
Into the Poly-Cup, there was charged about 500 mL of 
culture soil (trade name: "Kumiai-Taihei Horticultural Soil", 55 
rafd, by Taihei Bussan Co.) containing 0.35 g/1 kg (per 
culture soil) of nitrogen, 1.5 g/l kg of phosphoric acid, and 
0.35 g/l kg of potassium, and having a pH of 6,0-6.5. Onto 
the surface of the thus charged culture soil, three pieces of 
sample films having a thickness of about 150 /im, and a base 60 
area of about 28.4 cm^ were disposed so that the three 
sample films were not overlapped to each other. The thus 
disposed films were further covered with the above- 
mentioned culture soil so that the above-mentioned 1000 mL 
Poly-Cup was filled up with the soil. 65 

The re.sultant Poly-Cup was pilaced on a predetermined 
place (open-air ground) and was left standing with the elapse 



of lime, while providing water in an amount of about 200 
mL per each Poly-Cup with a frequency of once per three 
days so as to always maintain the culture soil contained in 
the Poly-Cup in a wet state. After periods of one month and 
two months counted from the beginning of the test, sampling 
of the films was respectively conducted. After two months, 
the degree of the degradation of the films was determined on 
the basis of the appearances and residual area ratios thereof. 

Place: 10-1, Tsukahara 2-chome, Takatsuki-shi, Osaka-fu, 
Japan (an open-air ground in Sumitomo Chemical Co., Ltd.; 
average temperature: about 25° C). 

Period: From Jun. 4, 1993 to Aug. 9, 1993 (about two 
months). 

After the above "biodegradability test", the ratio of the 
base area of the film (residual area ratio, average of the 
above three sample films) remaining on the culture soil was 
determined according to the following formula (as the 
residual area ratio becomes smaller, the biodegradability is 
better). 

Residual area ratio=(base area of film after the degrada- 
tion test)/(ba.se area of film before the degradation lest)xl00. 

The appearance of the fi.lm was evaluated by naked eyes 
according to the following standard. The meanings of the 
respective symbols are as follows. 

o: No change was observed. 

A: The production of pores were observed. 

x: The change in the film shape was marked. 

X x: The original shape of the film was reduced to pieces. 
Oxygen Permeability 

Oxygen permeability was measured by using a method 
according to Japanese Industrial Standard (JIS) (JIS 
K-7126). 

More specifically, a sample film (test piece) was mounted 
to a commercially available oxygen permeability measuring 
apparatus (trade name: OX-TRAN 10/50A, mfd. by 
MOCON Co. U.S.A.), and the oxygen permeability was 
measured under the measuring conditions of a temperature 
of 31"* C. (humidity-controlled thermostat=21° C). At this 
time, the relative humidity was about 61%. In this 
measurement, the oxygen permeability of the sample film 
was continuously measured, and the oxygen permeability at 
a point of time at which the oxygen permeability became 
substantially constant (usually, about several hours to three 
days after the initiation of the measurement) was used as the 
data thereof in this specification. When the oxygen trans- 
mission is represented by the ordinate of a graph, and the 
time t is represented by the abscissa thereof, the period of 
time (0 sec.) wherein the film interior reaches the equilib- 
rium may be represented by an equation of G=d^/6»D, 
wherein d denotes the film thickness (wm) of the sample 
film, and D denotes a diffusion con.stant (/tm)-/sec). 
Accordingly, the period of time for the measurement is 
different depending on the kind of the sample. 
Thickness Measurement 

A thickness of not less than 0.5 /tm was measured by 
means of a commercially available digital-type thickness 
measuring device (contact-type thickness measuring device, 
trade name: Ultra-High Precision Deci-Micrp Head 
MH-15M, mfd.. by Nihon Kogaku Co.). 

On the other hand, a thickness of less than 0.5 //m was 
determined by a gravimetric analysis method, wherein the 
weight of a film having a predetermined area was measured, 
the resultant weight was divided by the area, and further 
divided by the specific gravity of the composition; or an 
elemental analysis method (in the case of a laminate com- 
prising a biodegradable resin composition layer and a base 
material, etc.). 
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In a case where the elemental analysis (measuring prin- 
ciple: ICP emission spectrometry, with reference to a book 
entitled "ICP Emission Spectrometry*', edited by Nihon 
Bunseki Kagaku-kai (Japan Society of Analytical 
Chemistry), 1988, published by Kyoritsu Shuppan) was 5 
used, the ratio between the layer of the resin composition 
according to the present invention and the base material was 
determined by calculation on the basis of the ratio between 
the analytical value of a predetermined inorganic element 
(originating from the composition) of the laminate, and the 
fraction of a predetermined element (e.g.. Si) of the inor- 
ganic laminar compound alone. 
Particle Size Measurement 

Predetermined parameters such as the refractive index of 
a solvent (e.g., n«1.332 in the case of water), the viscosity ^3 
of the solvent (e.g., ti«0,890 cP, in the case of water), and the 
refractive index of an inorganic laminar compound (e.g., 
n=1.56 in lhe case of rnica) were inputted to a commercially 
available ultrafine particle size analyzing apparatus (trade 
name: BI-90, mfd. by Brookheaven Co., U.S.A., Japanese 20 
agent: Nikkiso K. K.), and measurement was conducted at a 
temperature of 25° C, in a solvent of water, while a solution 
having a weight ratio (inorganic laminar compound/water) 
of 2% was diluted in accordance with an estimated particle 
size. Through such a method, the particle size L was ^5 
determined as a central particle size value measured by a 
photon correlation method based on dynamic light 
scaUering, which was automatically outputted from the 
above analyzer as a digital value. In this particle size 
measurement for the inorganic laminar compound, each 30 
time the measurement was conducted, calibration measure- 
ment was also conducted by using the following standard 
samples comprising true spherical fine particles, whereby it 
was confirmed that the measured data of the particle size of 
the standard samples fell within the range of relative error of 35 
±10%. 

True Spherical Fine Particles: particles mfd. by Dow 
Chemical Co., U.S.A., trade name: UNIFORM LATEX 
PARTICLES 

Particle sizes are determined by SEM (scanning electron 
microscope), Dow. 

0.085 fim (deviation 0.0055 /im) 
0.109 ^im (deviation 0.0027 /^m) 
0.330 urn (deviation 0.0040 /<m) 

0.806 ^m (deviation 0.0057 jLim) 45 

2.02 /tm (deviation 0.0135 um) 

2.97 (deviation 0.23 /im) 
Aspect Ratio Calculation 

An inorganic laminar compound alone and a resin com- 
position were respectively subjected to diffraction measure- ^0 
ment by means of a commercially available X-ray diffrac- 
tometer (trade name: XD-5A, mfd. by Shimazu Seisakusho 
K. K.) through a powder method. The lattice spacing (unit 
thickness) a was determined on the basis of the measurement 
of the inorganic laminar compound alone. In addition, it was 
confirmed that a portion in which the lattice spacing of the 
inorganic laminar compound had been increased (a potion it 
which lattice spacing d>a) was present in the resin 
composition, on the basis of the difEraction measurement of 
the resin composition. 

By use of the resultant particle size L obtained by the 
dynamic scattering method, the aspect ratio Z was deter- 
mined by using an equation of Z«L/a. 

Example 1 65 
Natural montmorillonite (trade name: Kunipia F, mfd. by 
Kunimine Kogyo K. K.) was dispersed in ion-exchange 



water (electric conductivity: 0.7 /tS/cm or below) so as to 
provide a concentration of 2 wt. %, thereby to provide a 
dispersion of an inorganic laminar compound (Liquid A). 
The above montmorillonite had a particle size of 560 nm, a 
unit thickness a obtained by powder X-ray diffraction of 
1.2156 nm, and an aspect ratio of 461. 

Separately, a polyvinyl alcohol (trade name: PVA 117H, 
mfd. by Kuraray K. K., saponification degree=99.6%, 
degree of polymerization=1700) was dissolved in ion- 
exchange water (electric conductivity: 0.7 /iS/cm or below) 
so as to provide a concentration of 2 wt.%, thereby to 
provide a resin solution (Liquid B). 

The thus obtained Liquids A and B were mixed with each 
other so as to provide a solid content ratio (volume ratio) of 
(inorganic laminar compound/resin)=3/7, thereby to provide 
a coating liquid. 

A 150 /tm-thick poly-3-hydroxybutyrate (trade name: 
Biopol, mfd. by ICI) was used as a base film and was 
subjected to corona discharge treatment. Onto the thus 
treated base film, the coating liquid having the above com- 
position was applied, and then dried at room temperature 
and further dried at 80° C. for two hours, thereby to provide 
a laminate film. The thickness after drying of the above 
coating layer was 0.5 jwrn. 

The thus obtained biodegradable resin film had an oxygen 
permeability of 0.09 cc/m^*dayatm at 31** C, 61% RH 
(relative humidity), and was found to have an excellent gas 
barrier property. 

On the other hand, the above laminate film was subjected 
to a biodegradability test. As a result, the production of a 
large number of pores was observed by naked eyes. The film 
had a residual area ratio of 55% after two months, and 
showed an excellent degradability as shown in Table 1 (FIG. 
7) appearing hereinafter. 



Examples 2-10 

Laminate films were prepared and were subjected to an 
oxygen permeability test, and a biodegradability test in the 
same manner as in Example 1, except that those constituents 
thereof were respectively changed to those shown in Table 
1. The test results are shown in Table 1 appearing herein- 
after. 

As shown in the above Table 1, the laminate films 
obtained by these Examples were excellent both in the gas 
barrier property and in the biodegradability. 

Example 11 

Zirconium ammonium carbonate (trade name: Zircozol 
AC7, mfd. by Dai-ichi Kigenso Kogyo K. K., an aqueous 
solution containing 15 wt. % of the solute (calculated in 
terms of zirconium oxide)), as a crosslinking agent for 
hydrogen-bonding group was added to the mixture solution 
comprising the Liquid A and Liquid B prepared in Example 
1 in an amount so as to provide a ratio of the zirconiiun 
element of one mole, with respect to 15 mole of the hydroxyl 
group of the polyvinyl alcohol. 

By use of the resultant mixture, a laminate film was 
prepared and was subjected to an oxygen permeability test, 
and a biodegradability test in the same manner as in 
Example 1, except that the constituents thereof were 
changed to those as shown in Table 1. The measurement 
results are shown in Table 1 appearing hereinafter. 

As shown in the above Table 1, the laminate film obtained 
by this example was excellent both in the gas barrier 
property, and in the biodegradability. 
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Example 12 

Zirconium ammonium carbonate (trade name: Zircozol 
AC7, mfd. by Dai-ichi Kigenso Kogyo K. K., an aqueous 
solution containing 15 wl. % of the solute (calculated in 
terms of zirconium oxide)), as a crosslinking agent for 
hydrogen-bonding group was added to the mixture solution 
comprising Liquid A and Liquid B prepared in Example 1 in 
an amount so as to provide a ratio of the zirconium element 
of one mole with respect to 15 mole of the hydroxyl group 
the polyvinyl alcohol. 

By use of the resultant mixture, a laminate film was 
prepared in the same manner as in Example 1, except that the 
other constituents were changed to those as shown in Table 
1. Thereafter, the resultant laminate film was subjected to a 
heat treatment by means of a hot-air dryer at 140® C. for 10 
rain., thereby to provide a laminate film. 

The thus prepared laminate film was subjected to an 
oxygen permeability test and a biodegradability test. As 
shown in the above Table 1, the laminate film obtained by 
this Example was excellent both in the gas barrier property 
and in the biodegradability. 
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Comparative Examples 1-3 

Films were prepared and wire subjected to an oxygen 
permeability test, and a biodegradability test in the same 
manner as in Examples 1-3, except that a layer comprising 
a resin composition comprising an inorganic laminar com- 
pound and a biodegradable resin was not disposed. The test 
results are shown in Table 1. 

As shown in the above Table 1, the films obtained by these 
Comparative Examples were considerably poor in the gas 
barrier property. 

Comparative Example 4 

A films was prepared and was subjected to an oxygen 
permeability test, and a biodegradability test in the same 
manner as in Examples 1-3, except that the dispersion of the 
inorganic laminar compound (Liquid A) used in Example 1 
was not used. The test results are shown in Table 1. 

As shown in the above Table 1, the film obtained by this 
Comparative Example was poor in the gas barrier property. 

Comparative Example 5 

A 60 /fm-thick polyethylene film was prepared and was 
subjected to an oxygen permeability test. The test results are 
shown in Table 1 . 

As shown in the above Table 1, the above polyethylene 
fikn was considerably poor in the gas barrier property and in 
the biodegradability. 

The meanings of the abbreviation used in the above Table 
1 (FIG. 7) are as follows. 

PHB: poly-3-hydroxybutyrate trade name: Biopol HVO 
%, mfd. by ICI) 

HBHV4: 3-hydroxybutyrate (96%)-3-hydroxyvalerale 
(4%) copolymer (trade natne: Biopol HV4%, mfd. by ICI) 

HBHV9: 3-hydroxybutyrate (91%)-3-hydroxyvalerate 
(9%) copolymer (trade name: Biopol HV9%. mfd. by ICI) 

CHI: Water-soluble chitin (A product obtained by about 
50%-deacetylating a product "Chitin" (mfd. by Nakarai- 
tesque Co.) in a manner as described in a paper (T. Sarran 
et aL, MakromoL Chem,, 177, 3589 (1976)), cast film 

CHIT: Chitosan (mfd. by Nakarai-tesque Co.), cast film 

PUR: PuUulan (mfd. by Nakarai-tesque Co.), cast film 
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LDPE: A low-density polyethylene film product obtained 
by subjecting a polymer (trade name: Sumikathene F208-C 
mfd. by Sumitomo Chemical Co., Ltd.) to inflation shaping 
at 180** C. 

F: Natural montmorillonite (trade name: Kunipia F, mfd. 
by Kunimine Kogyo Co,) 

H: Polyvinyl alcohol (trade name: Poval 117H, mfd. by 
Kuraray K. K.) 

Z: An aqueous solution of zirconium ammonium carbon- 
ate (trade name: Zircozol AC7, mfd. by Dai-ichi Kigenso 
Kogyo Co.) 

FIGS. 8-13 respectively show powder X-ray diffraction 
peaks of inorganic laminar compound and composition 
having various values of the lattice spacing d. 

FIG. 8 is a graph showing X-ray diffraction peaks of a 
polyvinyl alcohol P VA- 11 7H/'' Kunipia F" composition used 
in the above Examples. FIG. 9 is a graph showing X-ray 
diffraction peaks of "Kunipia F" (montmorillonite) used in 
the above Examples. 

FIG. 10 (composition having a lattice spacing d='19.62 A 
(pattern of the above FIG. 2), FIG. 11 (composition having 
a lattice spacing d=32.94 A pattern of the above FIG. 2 or 
FIG. 3), FIG. 12 (composition having a lattice spacing 
d^44.13 A, pattern of the above FIG. 3), and FIG. 13 
(composition having a lattice spacing d^44.13 A, pattern of 
the above FIG. 3) are graphs respectively showing powder 
X-ray diffraction peaks of compositions having various 
values of the lattice spacing d. 
Industrial Applicability 

As described hereinabove, the present invention provides 
a resin composition, a film, or a shaped article having a good 
gas barrier property, while substantially retaining the bio- 
degradability thereof. 

When the resin composition according to the present 
invention is formed into a film shape, it is suitable for use as 
a packaging material which is inclusive of: packaging for 
foods such as: "miso*' (soybean paste), dried bonito, 
confectionery, Chinese noodles, ham, sausage, retorted 
foods, and frozen foods inclusive of croquette; and packag- 
ing for other contents such as chemicals or medicines, and 
precision materials. In addition, the resin composition 
according to the present invention is suitably usable as a 
shaped article in the form of bottle, tray, etc., to be used for 
a squeezing-type bottle of mayonnaise, juice, soy sauce, 
edible oil, sauce, food tray for microwave oven, cups for 
yogurt, etc. 

The resin composition according to the present invention 
may exhibit a good biodegradability in any form or shape of 
those as described hereinabove. As a result, the present 
invention may considerably contribute to the maintenance or 
protection of a terrestrial environment such as the disposal 
of trash or rubbish, or plastic wastes; and reduction in the 
amount of wastes in a landfill. 

What we claim is: 

1. A biodegradable resin fihn having at least two layers 
having: 

a first biodegradable layer comprising the composition 
which comprises: 

a biodegradable resin which is capable of being bio- 
degraded by the action of a microorganism, said 
biodegradable resin is a hydrogen-bonded resin 
wherein said hydrogen-bonded resin has 10% to 60% 
by weight of hydrogen -bonding groups selected 
from the group consisting of hydroxyl groups, amino 
groups, amide groups and thiol groups, and 

an inorganic laminar compound having aspect ratio (Z) 
of from 100 to 3000, wherein the aspect ratio (Z) is 
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defined by the equation (Z)=L7(a), wherein L repre- 
sents the particle diameter of the inorganic laminar 
compound measured in a solvent by a dynamic light 
scattering method, and (a) represents the unit thick- 
ness of the inorganic laminar compound measured ^ 
by powder x-ray . dififraction, and wherein said inor- 
ganic laminar compound is swollen or cleft in a 
solvent; and 

a second biodegradable layer comprising a material 
selected from the group consisting of polyester poly- 
3-hydroxybutyrate, 3-hy droxybutyrate-3- lO 
hydroxy valerate copolymers, chilin, and chitosan. 

2. A biodegradable resin film according to claim 1, 
wherein the composition has a relative ratio of the integrated 
intensity of the standard difiEraction peak corresponding to 
the lattice spacing a to that of the diffraction peak corre- 
spending to the lattice spacing d of 2 or more, wherein both 
the diffraction peaks are observed in the powder X-ray 
diffraction of the resin composition. 

3. A biodegradable resin film according to claim 1, 
wherein the biodegradable resin a resin comprising a poly- 
vinyl alcohol or a polysaccharide as a main component. ^0 

4. A biodegradable resin film according to claim 1, 
wherein the inorganic laminar compound is an inorganic 
laminar compound having a particle diameter of 5 /im of 
smaller. 
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5. A biodegradable resin film according to claim 1, 
wherein the inorganic laminar compound comprises a clay 
mineral having a swelling property. 

6. A biodegradable resin film according to claim 1, 
wherein the biodegradable resin comprises a polyester pro- 
ducible by a microorganism as a main component. 

7. A biodegradable resin film according to claim 1, 
wherein the biodegradable resin comprises a biodegradable 
polyester as a main component. 

8. A biodegradable resin film according to claim 1, 
wherein the biodegradable resin film has, an oxygen per- 
meability of not more than 0.2 cc/m^»dayatm under the 
conditions of 30° C. and 60% RH (relative humidity). 

9. A shaped article comprising a biodegradable resin film 
according to claim 1. 

10. A biodegradable resin film according to claim 1, 
wherein the biodegradable resin is poly-3-hydroxybutyrate 
or 3-hydroxybutyrate-3-hydroxyvalerate copolymer. 

i|c )|e 4t « 



